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Abstract 
Chapter One reviews the literature, discussing the application of 
metallocarbenoids in asymmetric synthesis. This introduction is mainly 
concerned with asymmetric carbon-carbon and carbon-heteroatom bond 
forming reactions and pays particular attention to the levels of 
stereoselectivity that have been achieved. 
Chapter Two discusses the use of novel homochiral rhodium(II) 
carboxylates to effect asy'?metric induction in a range of carbenoid 
transformations. The preparation of these novel rhodium(II) carboxylates is 
discussed, together with their application in asymmetric catalysis. The work 
presented is particularly concerned with the insertion of rhodium carbenoids 
into the heteroatom-hydrogen bond of alcohols, thiols, amines and silanes to 
prepare enantiomerically enriched a-substituted esters. 
Chapter Three discusses the generation of oxygen and sulfur ylides followed 
by a [2,3] sigmatropic rearrangement to generate enantiomerically enriched 
esters containing a quaternary chiral centre. Asymmetric cyclopropanations 
and carbon-hydrogen insertion reactions are also discussed. 
Chapter Four examines the use of diazo phosphonoacetate in organic 
synthesis. The work has concentrated on the preparation of N-substituted 
aminophosphonoacetates, by the insertion reactions of anilines, ami des and 
carbamates. These compounds have then been manipulated to prepare a 
series of amino esters and peptides. 
Keywords, Enantioselective, Diastereoselective, Rhodium(II) Carbenoid, 
Catalysis, and Asymmetric Induction. 
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Chapter 1 
Transition Metal Mediated 
Carbenoid Transformations 
1 
1.1 Introduction 
Over the past two decades asymmetric catalysis has evolved into a dynamic, rapidly 
growing area of research. Despite the advances made in asymmetric catalysis the 
development of asymmetric carbon-carbon bond-forming reactions, facilitated by metal 
catalysis, remains a challenging area of research. I Our efforts have concentrated in the 
area of diazocarbonyl decomposition using homochiral rhodium(II) salts. This 
introduction will aim to review the progress that has been achieved in the areas of 
asymmetric cyclopropanation, carbon-hydrogen insertion reactions and the generation 
of asymmetric carbon centres from the insertion into heteroatom-hydrogen bonds or the 
generation of heteroatom ylides followed by subsequent rearrangement to generate a 
chiral quaternary centre. The general reaction of an a-diazocarbonyl compound with a 
transition metal is outlined below in Figure 1. 
S = substrate 
M=metal 
R =alkyl or acyl 
B = Lewis base 
Figure 1 
Decomplexation of the Lewis base, often in the form of solvent, from the metal 
corresponds to the first step. This is followed by attack of the diazo functionality onto 
2 
the metal to form a metallo-zwitterionic intermediate. At this point nitrogen is 
extruded, presumably through back bonding from the metal to form the metal 
carbenoid. The carbenoid is then free to react with various substrates present (i.e., 
alkene, 0-H bond, etc) ultimately producing the observed product. The catalyst is 
subsequently regenerated to complete the cycle. 
Copper catalysis dominated the area of transition metal catalysed decomposition 
reactions, and the history of these reagents can be traced from a series of reviews 
beginning in 1970.2 The recognition by Teyssie et al. that dirhodium(II) carboxylates 
were an alternative to copper has been responsible for the recent advances that have 
been made in metal catalysed decomposition reactions.3· 4, 5 The use of rhodium(II) 
salts has been exploited as they provide for greater selectivity to be achieved under 
milder conditions. The use of ligand substitution has led the way for advances to be 
made not only in chemo- and regioselectivity, but the use of homochiralligands bound 
to rhodium has allowed excellent levels of stereoselectivity to be achieved in a variety 
of carbenoid transformations. 
1.2 Cyclopropanation Reactions in Synthesis 
Cyclopropanes are found in a number of natural products and are versatile synthetic 
intermediates for organic synthesis. 6 Asymmetric cyclopropanations have been used 
over many years for the synthesis of natural products containing such functional 
groups. 7 Development of efficient catalytic methods for the asymmetric synthesis of 
cyclopropanes has attracted considerable attention in the past few years. 8, 9 The use of 
a wide variety of transition metals, particularly copper!O and rhodium, 11 in the 
decomposition of diazo compounds has been actively pursued and resulted in 
considerable progress. However, rhodium(II) has stood alone as the metal of choice 
since it offers the advantages over other metal catalysts that it is more selective in terms 
of chemo-, regio-, and stereoselectivity.l2 
3 
1.3 Asymmetric Cyclopropanations 
1.3.1 Chiral Copper Catalysis 
To date, cyclopropanation reactions catalysed by chiral metal salts are undoubtedly the 
most widely studied reactions in the field of asymmetric catalysis involving the 
decomposition of diazo compounds. 
Nozaki and eo-workers were among the first to report on an asymmetric 
cyclopropanation.8,13 The catalyst used was the copper(II) chelates of(R) and (S)-
bis(N-a-phenethylsalicaldiminate) 1, but only low levels of stereoselectivity were 
observed ( < 10% e.e.). 
Ph 
Me 
1 
Aratani et al. elaborated on the design of this catalyst to produce the copper(II) complex 
2 which afforded enantioselectivities of 90% in selected cases. 9 
~~H 
_r\ nHex 
R= • ~ 
1Bu 
2 
This catalytic system was applied to the synthesis of permethrine, the 2,2-
dimethylcyclopropane carboxylate precursor to cilastatin an in vivo stabiliser of the 
antibiotic impenem (Scheme 1). 
4 
CCI3 ~Me 
Me 
+ 
Scheme 1 
KOH 
EtOH.,_ 
90% 
rCCI2 
MeA 
Me C0 2H 
Pemethrinic acid 
90% e.e. 
More recent developments involved the work of Pfaltz who reported the synthesis of 
chiral (semicorrinato) copper complexes 3 (R = CMe20H) and achieved excellent 
enantiomeric excesses in the cyclopropanation of styrene 10,14 (Scheme 2). 
CN 
R I \ R 
I \ 
3 
Ph_,.-= I mol% 3 
R1 =Et 92m ,o e.e. 
= 
1Bu 93% e.e. 
Scheme2 
(73: 27) 
(81 : 19) 
80% e.e. 
92% e.e. 
Evans and Masamune have also developed bisoxazolines as catalysts for 
enantioselective cyclopropanations achieving upto 99% e.e. 15, 16 
5 
1.3.2 Chiral Dirhodium Catalysis 
Reports by Teyssie et al that rhodium(JI) carboxylates were excellent catalysts for diazo 
decomposition led to their use in asymmetric cyclopropanation reactions. II ,17 Initially 
Doyle reported on the use of rhodium acetate, Rh2(0Ac)4, 4 (only !ligand shown) in 
the cyclopropanations of olefins with ethyl diazoacetate 18 (Scheme 3). 
MeO>= Et02CCHN2 Ph A Me ~ 4 Ph 94% MeO C02Et 91 91 
Rh--Rh 
Et02CCHN2 A 11 11 ' OEt 4 EtO C02Et 4 Rh2(0Ac)4 75% 
Scheme 3 
Rhodium acetate proved to be an excellent catalyst for intermolecular 
cyclopropanations and showed that greater selectivity could be achieved under milder 
conditions. Although the thermodynamically less stable cis configuration was preferred 
in the case of monosubstituted alkenes, the trans arrangement was predominant in the 
case of disubstituted alkenes. Doyle described how the regio and chemoselectivity was 
controlled not only by the catalyst but also by the substituents on the olefin itself.l9 
The use of enantiomerically pure carboxylate ligands bound to rhodium has been 
described by Brunner who prepared a series of optically active catalysts from rhodium 
acetate by ligand exchange reactions using enantiomerically pure carboxylic acids.17 
These catalysts were screened in the cyclopropanation reaction of styrene with 
ethyldiazoacetate to produce a mixture of cis /trans-2-phenyl cyclopropane 
carboxylates. The highest levels of asymmetric induction achieved were low, 12% e.e. 
for the trans isomer and 6% e.e. for the cis isomer. Although this level of stereo 
control was low, it did however signify the beginning of asymmetric induction from 
enantiomerically pure rhodium(II) salts. 
6 
McKervey reported the use of mandelate 5 and proline 6 derivatives of rhodium(IJ) 
carboxylates and examined their use in the cyclopropanation of ~keto-a-diazosulfonyl 
compounds.11 The highest enantioselectivity achieved for the preparation of the 
bicyclic product was 12% using the rhodium mandelate catalyst 5 (Scheme 4). 
5 
1 mol% 
5 or 6 
70% 
6 
R = benzenesulfonyl 
Scheme 4 
Although the selectivity was low, the results were in line with reports by Dauben for a 
similar transformation using the Aratani catalyst 2.20 
Doyle reported the use of homochiral rhodium(ll) carboxamide catalysts in asymmetric 
cyclopropanations and proposed that the nature of the bridging amide ligand allowed 
for the chiral centre to be held in closer proximity to the reacting carbenoid. 21, 22 One 
possible consequence of using amides that complex rhodium is that a mixture of 
catalysts can be obtained with respect to the oxygen and nitrogen bridging atoms. 
However, the catalysts were found to possess a cis arrangement (as confirmed by X-
ray analysis) of oxygen and nitrogen donor atoms as shown in Figure 2. 
7 
7a 7b 
dirhodium(II)tetrakis dirhodium(II)tetrakis 
[methy!Z-pyrrolidinone-5-(S)-carboxylate] [methylZ-pyrrolidinone-5-(R)-carboxylat] 
Rhz(5-S-MEPY)4 Rhz(5-R-MEPY)4 
Figure2 
The rhodium(II) carboxamides were found to be less reactive, presumably due to the 
less electrophilic carbenoid generated. It was anticipated that enhanced 
enantioselectivity would be observed since the rigidity of the ligands bound to the 
dirhodium core was expected to provide a more defined chiral environment. The 
catalysts were screened in the asymmetric cyclopropanation of styrene using the 
enantiomerically pure menthyl diazoacetates and the results obtained are given below in 
Schemes.22 
Ph"= 
R* 
(-)-menthol 
(+)-menthol 
SchemeS 
8 
e.e. (%) 
trans cis 
56 79 
69 86 
Later reports by Doyle, Davies and Whitesell described the application of other chiral 
auxiliaries used in conjunction with enantiomerically pure dirhodium carboxamide 
catalysts to effect the intermolecular cyclopropanation of styrene with chiral diazo 
esters.23 It was observed that the cis product predominated and that the 
enantioselectivities for the cis isomer were greater than that of the trans up to 86% e.e. 
and 56% e.e. respectively using catalysts 7a and 7b. The auxiliary was also found to 
effect the enantioselectivity such that the more sterically demanding the diazo ester, the 
greater the enantioselectivity achieved. Doyle, Martin and Muller have also screened 
these catalysts in the intramolecular cyclopropanation reactions of allylic diazoacetates 
8 to give the bicyclic lactone 9, 24 as shown in Scheme 6. 
8 
2 mol% 7a or 7b 
CH2CI 2 
90% 
9 
R1 = R2 =Me, 92% e.e. 
R1 = H, R2 =Et, Ph, 94% e.e. 
Scheme 6 
The authors observed that increasing the size of RI (the trans substituent on the allylic 
acetate, 8) improved the observed enantiomeric excess. However, increasing the size of 
R2 (the cis substituent) was found to be detrimental and resulted in an enantiomeric 
excess of 72%. Later reports by Doyle showed that Rh2(5S-MEPY)4, 7a afforded poor 
enantioselectivity for terminal double bonds (7%), but treatment with 13, Rh2(4-S-
MACIM)4, shown in Figure 4 , was found to exhibit improved enantioselectivity, 
affording asymmetric induction in upto 78% e.e.25 
9 
Doyle proposed the that carboxamide ligands had the ability to provide stabilisation. A 
polar substituent on the carboxamide ligand was positioned to orientate and stabilise the 
carbenoid. Thus, the incoming nucleophile would attack from behind, i.e. to the side of 
the carbene opposite the stabilising substituent as shown in Figure 3 (only one of the 
four ligands on the dirhodium core is shown). 
Figure 3 
Doyle has also described the oxazolidine and imidazoline based ligands as variations to 
the MEPY catalysts 7a and 7b (Figure 4). 
10 
R =Ph, Rh2(4S-PHOX)4,10 
dirhodium(II) tetrakis-
[4S-tetrahydro-4-phenyloxazol-2-one1 
R =Me, Rh2(4S-MEOX)4,11 
dirhodium(II) tetrakis-
[methyl-2-oxazolidinone-4-(S)-carboxylate1 
R = Bn, Rh2(4S-BNOX)4,12 
dirhodium(II) tetrakis-
[4-benzyl-2-oxazolidinone-4-(S)-carboxylate1 
Figure4 
R =Me, Rh2(4S-MACIM)4,13 
dirhodium(II) tetrakis-
[methyl-1-acetylimidazolin-2-one-4-(S)-
carboxylate 1 
R = Bn, Rh2(4S-MPPIM)4 ,14 
dirhodium(II) tetrakis-
[ methyl-1-(3-phenylpropanoyl)imidazolin 
-2-one-4-(S)-carboxylate1 
Doyle has reported the use of chiral dirhodium(II) tetrakis[alkyl2-oxaazetidine-4(S)-
carboxylate 1 catalysts to effect asymmetric induction in the intermolecular 
cyclopropanation reaction of diazoesters 15 with styrene 26(Scheme 7). 
11 
Ph 
\ 
15aR1 =Et 
18 or 19 
15b R1 = (c-C6Hll)zCH 
15c R1= (-)-menthyl 
15d R 1= (+)-menthyl 
16 17 
/'~,,,,H 
0~N'~oo2R2 
I _... I _... 
...--,h ...--,h 
18 R2 = CH2Ph, Rh2(4S-BNAZ)4 
19 R2 = CH2CHMe2, Rh2(4S-IBAZ)4 
Scheme 7 
Enantioselectivities for the intermolecular cyclopropanation reaction ranged from 23% 
to 77% for the trans isomer 17, and up to 92% for the cis isomer 16, using 19 to 
catalyse the cyclopropanation of styrene with the diazoester 15b. 
The Martin and Doyle groups have also examined the use of homochiral catalysts 7a 
and 7b to effect asymmetric cyclopropanation in homoallylic diazo acetates 26, 27 
(SchemeS). 
lmol% 7a or 7b 
CH2CI2 
84% 
,... 
1 2 3 I R = Et, R = R = H , 90% e.e. 
SchemeS 
12 
Rh2(4S-MEOX)4 11, and its enantiomer were also screened and found to give similar 
levels of asymmetric induction to the MEPY ligands 7a and 7b (up to 90% e.e.). In 
contrast to the allylic diazoacetates, the MEPY ligands were found to effect 
cyclopropanation of terminal double bonds in the homoallylic examples in up to 83% 
enantiomeric excess. The authors gave no reason for the dramatic difference observed 
in enantioselectivity with the homoallylic acetates. 
Doyle subsequently examined the asymmetric cyclopropanation of allylic and 
homoallylic diazoacetamides using carboxamide catalysts Rhz(5S-MEPY)4 7a, and 
Rhz(4S-MEOX)411, 25, 28 (Scheme 9). 
0 1Bu~ )l 
~ ]2 
H~H 
Et 
7a or 11 
CH2Cl 2 
70-90% 
7a or 11 
Rh2(5S-MEPY)4• 7a, 90% e.e. 
Rh2(4S-MEOX)4• 11, 83% e.e. 
Rh2(5S-MEPY)4 7a, 97% e.e. 
Rh2(4S-MEOX)4 11, 98% e.e. 
Scheme9 
13 
Doyle has applied enantiomerically pure carboxamide catalysts to effect asymmetric 
cyclopropenation reactions. 23, 29 The preparation of highly functionalised 
cyclopropenes has received little attention, mainly due to the problems associated with 
the preparation of such highly strained compounds. The use of elevated temperatures 
often resulted in the ring opening of the cyclopropenes. Doyle successfully applied the 
MEPY catalysts 7a and 7b on simple alkyl diazo esters (methyl and ethyl 
diazoacetates) as well as the chiral variants prepared from the isomers of menthol and 
( + )-pantolactone. Cyclopropenation of propargyl methyl ether with chiral diazoesters, 
again prepared from the enantiomers of menthol, afforded excellent stereoselectivities 
with upto 94% d.e. being achieved as shown in Scheme 10. 
n-Bu=CH 
R*02CCHN2 
RC=CH 
+ 
7a or 7b 
40-72% 
Me~fbHN2 
0 
.. 
R * = (+)-menthol = 86% e.e. 
R * = ( + )-pantalactone = 67 % e.e. 
7a or 7b 
CH2Cl2 
70% )lo 
R = Me0CH2 = >94% d.e. 
Ac0CH2 = >94% d.e. 
Scheme 10 
14 
Doyle also examined the enantioselectivities using a series of diazoesters and 
diazoamides utilising catalysts 7a and 7b (Scheme 11). 
RC=CH 
+ 
N2CHCOZ 
7a or 7b 
CH2Cl 2 
60-85% 
R = CH(0Et)2, Z = OMe >98% e.e. 
R = NMe2 , Z = OMe >94% e.e. 
Scheme 11 
The results showed that excellent levels of asymmetric induction could be achieved 
using the MEPY ligands 7a and 7b. However, decreasing the size or polarity of the 
substituents on the diazocarbonyl compound or the acetylene led to enantiomeric 
excesses as low as 40%. Doyle concluded that although steric factors were presumably 
operating in the transition state, the polar substituents on the MEPY ligands were also 
operative, providing a stabilising influence and directing the approach of the acetylene 
and the diazocarbonyl as discussed earlier (Figure 3). 
Davies and eo-workers have applied homochiral rhodium(II) carboxylates towards the 
asymmetric synthesis of seven membered carbocycles, with a view to accessing the 
tremulane skeleton.30 The treatment of vinyl diazodienes with dienes with 
rhodium(II)-(R)-N-(p-(dodecyl) phenylsulfonyl) prolinate), 20 leads to a tandem 
cyclopropanation/Cope rearrangement. This provides an enantioselective preparation 
of the required carbocycle (Scheme 12). 
15 
20, CH2CI2 
Pentane 
91% 
Scheme 12 
Me 
86% e.e. 
Intermolecular cyclopropanations using diazo esters and olefins has recently been 
reported by Davies (Scheme 13). Using the enantiomerically pure dirhodium(II) (S)-N-
(p-(lbutyl) phenylsulfonyl) prolinate) 21, the reaction was performed in pentane. 
Improved enantiocontrol using pentane is believed to occur as the solvent induces 
alignment of the prolinate ligands providing a more defined chiral environment. The 
more rigid structural arrangement of the carboxamide ligands prevents a similar solvent 
effect, and therefore no improvement in stereoselectivity is observed using carboxamide 
ligands in pentane. 31 
Ph_,;== 
+ 21, Pentane 
90% 
cis94% e.e 
Scheme 13 
Cj,H 
N /CQ~4Rh2 
S02R 
21 
R= 1Bu 
Davies has also used 21 to decompose diazoesters in the presence of olefins to prepare 
cyclopropanes32(Scheme 14). 
16 
21, Pentane 
+ 80% 
Ph O 
"!('oR R = Me , 87% e.e. 
N2 
Scheme 14 
Muller et al have described the asymmetric aziridination reaction of styrene with N-(p-
nitrobenzene sulfonyl) iminophenyliodinane, (Phi=NNs), in the presence of 
enantiomerically pure rhodium(II) catalysts. The highest enantiomeric excess achieved 
was 55% using 22 33 (Scheme 15). 
22, CH2C1 2 
NsN=IPh 
Ns 
I 
N 
Php 
7a, = 21% e.e. 
22, = 55% e.e. 
Scheme 15 
1.4 Carbon-Hydrogen Insertion Reactions 
{ 
22 Rh2(BNP)4 
Free carbenes have long been known to insert into C-H bonds.34 Lack of 
regioselectivity, coupled with low yields has precluded their application to organic 
synthesis. The use of copper to catalyse the insertion of C-H bonds into diazo 
compounds has also been reported.35 Reports by Noels et al. that rhodium(II) 
carboxylates were effective for facilitating C-H insertion reactions under mild 
conditions was a major advance in this area of catalysis.36 The reaction, although 
providing high yields of the C-H insertion product, showed very little regioselectivity in 
17 
the intermolecular sense often providing mixtures of products and as a result, the 
intermolecular C-H insertion reaction has not proved useful in synthesis. Independent 
reports by Taber and Wenkert exploited the intramolecular C-H insertion reaction of 
rhodium derived carbenoids. Wenkert utilised an intramolecular C-H insertion reaction 
catalysed by rhodium acetate to prepare the cyclopentanone ring of a steroid from 
isopimaradiene.37 Taber prepared a series of cyclopentanones by using a-diazo- fl-keto 
esters as substrates, subsequent decarboxylation afforded the 3-substituted 
cyclopentanones 38 (Scheme 16). 
OMe 4 
Scheme 16 
0 0 
,~I 
·'' '-oMe 
Taber described how very high enantioselectivities, up to 86%, could be achieved in the 
formation of cyclopentanones using a chiral diazo ester prepared from a derivative of 
camphor (Scheme 17). 39 
18 
0 0 
OR* 4 ,.. 
R* = 
Scheme 17 
Good levels of asymmetric induction (70% e.e.), were also observed when phenyl and 
alkyl groups were used in place of the allyl substituent. Taber also carried out a 
comprehensive study on the regioselectivity of the C-H insertion reaction with rhodium 
carbenoids. 40 He found that the general order of reactivity followed the sequence 
methine > methylene> methyl. This was understandable such that the more electron 
rich C-H bond would react preferentially with the electrophilic rhodium carbenoid. 
Taber also showed that the C-H bond undergoing insertion reacted with retention of 
configuration. This was exploited to prepare 23 an intermediate in the synthesis of 
a-cuparenone 41 (Scheme 18). 
0 
70% 
Scheme 18 23 
19 
1.5 Asymmetric Carbon-Hydrogen Insertion Reactions 
McKervey reported the rhodium catalysed asymmetric C-H insertion reaction of an a-
diazo-~-ketosulfonate.42 Using the rhodium catalyst derived from enantiomerically 
pure N-benzenesulfonyl prolinate 6 (Scheme 19-1). Subsequent reports by the lkegami 
group on the asymmetric induction in the C-H insertion reaction with a-diazo-~-keto 
esters using 24, expressed improved enantioselectivities of 46%, (Scheme 19-2).43 
(1) 
0 
N2 PhS02~ -C-H-
2
C-l-:-re_fl_u_x._ 
0 
er~~ 
Me 
12%e.e. 
2. Decarboxylation 
46% e.e. 
24 
Scheme 19 
Ikegami also examined the use of a di-isopropyl ester, whereupon the enantioselectivity 
was increased to 76%.44 Utilising the ( + )-neomenthyl ester in conjunction with the 
(S)-( + )-N-phthaloyl phenylalanate 24, resulted in improved enantioselectivities of 
80%.45 
20 
McKervey has synthesised the chromanones 25 using the rhodium prolinate derivative 
6, achieving enantioselectivities of60% 46(Scheme 20). 
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Me 6 Me 
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50% Me 
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Doyle has screened the MEPY, 7 and MEOX, 11 catalysts to effect C-H insertion on 
the diazoamide 26.47 This resulted in the formation of the y-lactam 27 and also 
produced the ~-lactam 28 as a minor side product. When the ethyl group was changed 
to an ester, the deactivation of the C-H bond a to the ester changed the regioselectivity 
and led to the predominant formation of y-lactam 29 resulting from insertion into the 
tert-butyl group in 45% yield (Scheme 21). 
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The formation of y-lactams has been used by Doyle in the asymmetric synthesis of 
pyrrolizidine bases 48 (Scheme 22). 
7a CH2CI2 
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90% 
Scheme 22 
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An extension of this methodology by Doyle has been to exploit the conformational 
flexibility of cyclic diazoamides. 49 Treatment of 30 with catalysts 7a or 7b affords the 
~-lactam 31 in excellent chemical yield (99%) with enantioselectivities of up to 97%. 
The higher homologue (n=2) provides sufficient flexibility to allow the formation of the 
22 
y-lactam 32 to compete with ~-lactam formation. This alternative pathway provides a 
60:40 preference for y-lactam 32 over the ~-lactam 31 (Scheme 23). 
0 0 
Q~, 7a or 7b 0 CH2Cl2 Q;f + reflux 
30 31 32 
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Scheme23 
Bicyclic lactones have also been prepared by Doyle 50 with exceptional 
enantioselectivities of up to 97% using the MACIM catalyst 13. 
H 
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97% e.e. (cis isomer) 
Scheme 24 
Ikegami has studied the use of the rhodium(II) tetrakis[N-phthaloyl-(S)-phenylalanate 
24 to prepare 4-substituted-1-tert-butyl-3-methoxycarbonyl-2-azetidinones 33 with 3,4 
cis stereochemistry achieving enantioselectivities of 74%.51 
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Doyle has applied asymmetric C-H insertion reactions to the synthesis of 3, 5-dialkyl-2-
deoxyxylolactones 34 in up to 98% e.e. using catalyst 11, and 97% e.e. using 7a 52 
(Scheme 26). 
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Further applications of asymmetric C-H insertion reactions have been used by 
McKervey who combined the use of a menthol ester as a chiral auxiliary in conjunction 
with homochiral rhodium(ll) benzenesulfonylprolinate 6, to afford a series of 3-(2H)-
furanones in up to 61% e.e. 53 
1.6 Aromatic Carbon-Hydrogen Insertion Reactions 
Insertion reactions of aromatic C-H bonds with carbenoids derived from diazocarbonyl 
compounds have been used as a method of preparing functionalised aromatics, 
cycloheptatrienes, and a number of fused aromatics. Aromatic C-H insertion reactions 
are well known and are considered as formally an electrophilic aromatic substitutions. 
Intermolecular reactions of diazocarbonyl compounds with benzene, furan and pyrrole 
24 
and their derivatives often affords the cyclopropanation product 35 or the ring expanded 
product 36 (using the vinyl diazoester), as a competing reaction from the initially 
formed cyclopropyl derivative, 54 (Scheme 27). 
0 0 EtC02CHN2 4 CH2Cl2 
71% 
fYC02Et 
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35 
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.. 
Doyle has used the aromatic C-H insertion reaction to prepare 2(3//)-indolinone 38, by 
treatment of N-aryldiazoamide 37 with rhodium(Il) acetate, 55 (Scheme 28). 
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37 38 
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lkegami has applied 24 to prepare (S)-1-alkyl-1-phenyl-2-indanones from an 
enantiotopically selective aromatic C-H insertion reaction achieving 95% e.e. as shown 
in Scheme 29. 56, 57 
25 
H 
24 
CH2Cl2 -IO•c 
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1.7 Heteroatom-Hydrogen Insertion Reactions 
95% e.e. 
The reactions of a-diazocarbonyl compounds with X-H bonds, (X= 0, N, S and Si) 
provides great potential for enantioselective synthesis of a-substituted carbonyl 
compounds. 58 
Early reports by Nicoud and Kagan on the asymmetric synthesis of alanine exploiting 
the chiral auxiliary approach failed to produce any synthetically useful levels of 
diastereoselectivity (26% ). 59 The work of Moody using dirhodium(II) carboxylates 
has achieved moderate to good levels of asymmetric induction upto 53% d.e. 60 
Teyssie used rhodium(II) carboxylates to examine the insertion of hydroxylic bonds of 
alcohols with ethyl diazoacetate, to afford the desired products in high yields and 
exceptional chemoselectivities using rhodium carboxylates.3,4 This methodology was 
later extended toN-Hand S-H insertions using aniline and thiophenol respectively, 
again with ethyl diazoacetate. 5 These ~arly results showed that rhodium(II) 
carboxylates facilitated heteroatom-hydrogen insertion reactions with very little 
preference shown for the competing C-H insertion or cyclopropanation products, when 
unsaturated alcohols were used. Rapoport used the intramolecular insertion of 
heteroatoms to prepare heterocyclic systems and showed that 4-, 5-, and 6- membered 
ring formation was favoured, 39.61 However, competing C-H insertion did prevent the 
formation of the seven membered ring product 40 (Scheme 30). 
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Moody has utilised the N-H insertion reaction of diazohydrazides 41 to prepare I, 2-
diazetidinones (aza-fl-lactams) 42 62 (Scheme 31). 
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Extensions to this work have involved investigations into the intramolecular 0-H 
insertion reaction as a route to effect the synthesis of cyclic ethers.63, 64, 65 This has 
resulted in an efficient synthesis of the oxepane ring system, which has been applied to 
the synthesis of the isolaurepinnacin skeleton 43 (Scheme 32). 
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To date, only two reports exist of asymmetric induction involving the reaction of a 
heteroatom hydrogen bond with a diazocarbonyl. The first report of asymmetric 
induction involving metal catalysed decomposition was reported by Brunner who used 
the chiral complexes 2 and 44 to examine the insertion of thiophene! with azibutanone 
45 affording the 3-phenylthio-2-butanone 46.66 Unfortunately only low levels of 
enantioselectivity were observed as shown in Scheme 33. 
N2 PhSH j( _Me 1 mol%2or44 
Me' y toluene 
0 74% 
45 46 
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McKervey has recently disclosed results on the asymmetric intramolecular N-H 
insertion reaction. Benzyloxycarbonyl protected amino diazoesters such as 47 have 
28 
been used to produce the pipecolic acid derivative 48. Enantioselectivities of 45% 
using the rhodium(II) mandelate 5 were achieved67 (Scheme 34). 
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The rhodium(II) catalysed decomposition of diazoesters with silanes results in the 
formation of a-silyl carbonyl compounds by the insertion of the Si-H bond into the 
carbenoid. Use of rhodium(II) salts to catalyse the reaction was first reported by 
Doyle.68 However, earlier reports using copper have also been described.69,70 
Attempts to achieve stereoselectivity in the reaction have resulted in renewed efforts 
using diazoesters of chiral alcohols to afford the a-silyl esters 49,71 (Scheme 35). 
PhMe2SiH 
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Landais examined the insertion of the Si-H bond in to vinyl diazoesters to produce the 
corresponding allylsilanes 50, 72 (Scheme 36). To date, the example shown represents 
the highest level of stereoselectivity attained from the insertion of a silane into a 
diazocarbonyl. 
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1.8 Heteroatom Ylide Generation and Rearrangement 
The reaction of carbenes with heteroatoms to form ylides has been known for many 
years.73,74,75 The formation and subsequent rearrangement of ylides generated from 
heteroatoms and metallocarbenoids has found increasing utility in organic synthesis. 
Rhodium(II) salts afford the mildest preparation of these types of reactive intermediates 
and they have recently been developed as the metal of choice. 76,77 The groups of 
West (Scheme 37-1) and Cl ark (Scheme 37-2) have carried out extensive investigations 
into the generation and rearrangement of nitrogen ylides as a useful route towards the 
synthesis of functionalised heterocycles such as 51 and 52.78, 79 Clark has also 
prepared oxygen heterocycles 53, in a similar manner. 80 However, in this latter case 
copper(II) hexafluoroacetylacetonate demonstrated itself to be the best catalyst 
affording the desired product exclusively and in excellent yield. 
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There are numerous reports in the literature utilising ylides in synthesis. One of the 
most striking observations is that the vast majority of reactions are intramolecular in 
nature. This is understandable when one considers that the reaction is a powerful 
method for synthesising a variety of natural and unnatural heterocyclic systems. Good 
diastereoselectivity has been achieved in ylide rearrangements, this has recently been 
reported by Kido who examined the [2,3] sigmatropic rearrangement of acyclic a.-
diazo-~-keto esters 54 as a route to substituted 1\-lactones 55 81 (Scheme 38). 
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Doyle and McKervey have used rhodium(ll) carboxylates to effect asymmetric 
induction in the generation and [2,3] sigmatropic rearrangements of the allyl ether 56 to 
give 57 in 30% e.e. 82 This was the first example of asymmetric induction via a [2,3] 
sigmatropic rearrangement effected by rhodium(Il) catalysis, (Scheme 39). 
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Uemura reported upon the generation and rearrangement of sulfur and selenium ylides 
using enantiomerically pure rhodium(II) and copper(II) salts. 83 Exposure of ethyl 
diazoacetate to aryl cinnamyl chalcogenides 59 afforded enantiomerically enriched 
ethyl 2-aryl-chalcogeno-3-phenylpent-4-enoates 60 in upto 41% e.e. (Scheme 40). 
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The enantioselectivities observed were only low to moderate. This is however, further 
evidence that asymmetric induction can be achieved using enantiomerically pure metal 
salts, and therefore justifies the development of new catalytic systems. 
33 
Chapter2 
Novel Rhodium Carboxylates 
For Carbenoid Transformations 
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2.11ntroduction 
The development of chiral catalysts for asymmetric reactions of metallocarbenoids has 
been widely studied since the early reports of Nozaki.8 To date, dirhodium catalysts can 
be divided into three groups; (I) chiral rhodium(II) carboxylates, reported by Noels 84 
in 1982, and subsequently developed by the groups of McKervey 42, 53 and 
Brunner,l7, 66 and then more recently by lkegami, 43,44 and Davies.31 This class of 
carboxylates was found to effect enantioselective cyclopropanations and C-H insertion 
reactions; (2) chiral dirhodium(II) carboxamides developed by Doyle,21-24 which were 
found to deliver excellent levels of enantioselectivity in cyclopropanation and C-H 
insertion reactions as well as cyclopropenations; and (3) the rhodium 
binaphtholphosphate catalysts developed independently by McKervey 82 and Pirrung 
85 that effect a wide range of rhodium carbenoid processes in an enantioselective mode. 
The rhodium carboxamides are found to be less reactive than their carboxylate 
counterparts. They do however, have the structural advantage in that the chiral centre is 
placed in closer proximity to the reacting carbenoid centre. 
At the outset of our investigations to examine the asymmetric insertion reaction of X-H 
bonds, (X= 0, S, Si, N) into diazo esters we were resolute that to achieve asymmetric 
induction it would be necessary to incorporate reactivity and enantioselectivity into our 
catalytic systems. It was also deemed necessary that any catalyst developed would be 
accessible from readily available materials and would involve facile synthesis. 
To satisfy all of the above criteria it was decided that the catalysts 68-73 would be 
prepared. 
2.2 Preparation of Enantiomerically Pure Carboxylate Ligands 
The six carboxylate ligands chosen for the purpose of our study were the half esters of 
phthalic acid derived from ( +) and (-) menthol 62 and 63, (-)endo·bomeol 64, and 
cholesterol 65. The other two ligands would be the enantiomeric pair of pyrrole 
carboxylates 66 and 67 where the chiral moiety attached to the nitrogen was the 
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(a)-methyl benzyl group. 
The half phthalate esters were prepared from treatment of phthalic anhydride with the 
appropriate enantiomerically pure alcohol in dichloromethane, in the presence of 
Hunig's base. Although the yields were moderate, the multi gram scale preparations 
provided adequate amounts of the required ligand 86 (Scheme 41). 
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The pyrrole based ligands were prepared by the reaction of (S)- and (R)-1-
phenethylamine respectively, with 2,5-dimethoxytetrahydrofuran. Subsequent reaction 
with trifluoroacetic anhydride and hydrolysis of the trifluoroacetyl group afforded the 
enantiomerically pure pyrrole carboxylates 66 and 67 in 65% chemical yield. 86 
(Scheme 42). 
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The ligands 62-67 were purified by column chromatography to afford the chemically 
pure products, which were all satisfactorily characterised. Examination of the infra red 
spectra revealed the band at 1703cm-l, corresponding to the carboxylic acid. The mass 
spectra complemented this information, in all cases revealing the expected molecular 
ion. 
2.3 Preparation of Enantiomerically Pure Dirhodium(II) Catalysts 
With our chiralligands to hand, we required an expedient synthesis to prepare the 
catalysts. Initially, we envisaged that fusing an excess of the chiralligand with 
rhodium acetate dim er at high temperatures would facilitate ligand exchange with the 
loss of acetic acid, and produce the required catalyst. However, initial investigations 
revealed that whilst this method provided access to the phthalate based catalysts 68-71 
(Scheme 43), it was unsuccessful as a method for preparing the pyrrole based catalysts 
72 and 73. (Scheme 44). 
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The pyrrole based catalysts were prepared by refluxing in chlorobenzene to give the 
desired product 86 (Scheme 44). 
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In the preparation of the catalysts 68-73, the reactions were usually heated for24h, or 
until no rhodium acetate was observed at 2.2 ppm in the crude I H NMR, as referenced 
to tetramethylsilane. Purification of the crude catalysts afforded the required 
enantiomerically pure dirhodium(II) carboxylates as crystalline green solids. 
Confirmation of the catalyst formation was revealed by the band at 1720cm-1 in the 
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infra red spectra due to the carboxylate group and also by the presence of the expected 
molecular ion in the mass spectrum. 
A characteristic feature of these catalysts was that they were extremely soluble in a 
wide range of organic solvents. This is understandable when one considers the 
lipophilicity of the ligands around the dirhodium core. Unfortunately however, this 
hindered recrystallisation, and crystals were only obtainable from a mixed solvent 
system incorporating water. The crystals obtained were not satisfactory for 
examination by X-ray analysis. Even the complexation of the catalysts with Lewis 
bases such as dimethylsulfoxide or pyridine, methods that are known to aid 
crystallisation, also failed to produce any satisfactory crystals. With the required 
catalysts prepared we then needed to synthesise the diazoesters to allow examination of 
the insertion reactions. 
2.4 Preparation of Alkyl Diazophenylalkanoates 
It was decided that the diazoesters would be synthesised by the following procedure. 
Ethyl and methyl diazophenylacetates 74 and 75 respectively, were prepared by the 
Bamford-Stevens reaction with the appropriate esters derived from phenylglyoxylic 
acid f{7 (Scheme 45). Ethyl-2-diazo-3-phenylpropanoate 76, was accessible by 
condensation of the silver salt of commercially available ethyl diazoacetate with benzyl 
bromide. 88 (Scheme 46). 
Diazoesters 74 and 75 were prepared according to the following procedure. 
Phenylglyoxylic acid was heated under reflux for 5 hours, in either ethanol or methanol, 
with a catalytic amount of concentrated sulfuric acid. The esters were then treated with 
tosylhydrazine under Dean and Stark conditions, and subsequently treated with 
triethylamine to give the required diazoester in 90% overall yield from the 
phenylglyoxylic acid. Purification by chromatography on silica gel gave the required 
diazoester as seen from the characteristic infra red stretching frequency of the diazo 
function at 2090cm·l. 
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Ethyl-2-diazo-3-phenylpropanoate 76, was prepared according to Scheme 46. 
l.Et20, Agp, o•c 
Scheme46 
A solution of ethyl diazoacetate in anhydrous diethyl ether at o•c was treated with 
silver oxide and allowed to stir at this temperature for 2 hours. The solution was then 
quenched with benzyl bromide to afford the required diazoester, which was purified by 
column chromatography. The characteristic diazo stretching frequency at 2088cm-1 
was observed when the product was analysed by infra red spectroscopy. 
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2.5 Insertion Reactions of Heteroatom-Hydrogen Bonds 
Having prepared the required catalysts and diazoesters, we examined the ability of the 
catalysts to effect asymmetric insertion of the heteroatom-hydrogen bonds into the 
diazoesters 74-76. 
As discussed in Chapter One only two reports exist of asymmetric induction in this type 
of reaction. Firstly, the intramolecular N-H insertion reported by McKervey,67 and 
secondly the intermolecular insertion of alcohols, thiols and amines into diazo ketones 
as disclosed by Brunner. 66 This later example gave us hope that we might achieve 
some level of asymmetric induction. 
At the outset of these investigations we needed to establish whether the intermediate 77 
(Scheme 47), formed during the insertion reaction existed as a rhodium stabilised 
cation as drawn. To achieve any levels of asymmetric induction in the reaction, the 
chiral rhodium moiety would need to be an integral part of the intermediate so that the 
chiral integrity of the catalyst would be expressed and induce asymmetry at the newly 
created sp3 centre. Formation of the possible achiral intermediate 78, would result in a 
racemic mixture as this intermediate is achiral and therefore no asymmetric influence 
exists to determine the fate of the new sp3 centre. Previous reports, 66 would suggest 
that the intermediate 77 is likely to exist as drawn or as a resonance structure thereof. 
41 
0 
Ph_ 1. Rh2L*4 y ~OMe--~ 
N2 
a) Asymmetric Induction ? 
0 
Ph_ 1. 1 ~OMe 
OR 
Scheme 47 
b) Racemate 
l 
0 
PhrOMe 
;a__ 
R H 
78 
In a typical procedure, the diazo ester in anhydrous dichloromethane and one mole 
equivalent of the nucleophile under an atmosphere of nitrogen was stirred at room 
temperature (Scheme 48). This solution was then treated with the enantiomerically 
pure dirhodium(II) carboxylate catalyst (2 mol%). Immediate evolution of nitrogen gas 
was observed. Thin layer chromatographic analysis of the mixture revealed complete 
consumption of the diazoester. Evaporation of the solvent and purification by column 
chromatography (ether/light petroleum) afforded the desired insertion product in 
excellent chemical yield, (89-90% ). 86 
Our initial investigations utilised the diazophenylacetate 74 and 75. We systematically 
screened the catalysts 68-73 with a view to inserting a number of alcohols. Scheme 48 
outlines the general reaction for the insertion of alcohols with 74 and 75. The results of 
these investigations are given in Table 1. 
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Table 1 
0 
Ph_ Jl 
1 
'(_'OR 
OR 2 
Product Yield(%) 
79 90 
80 90 
81 89 
82 90 
79 89 
80 90 
81 91 
82 90 
79 90 
80 89 
81 89 
82 90 
79 91 
80 90 
81 90 
82 89 
We also screened 2-propanethiol as the nucleophile. Whilst giving excellent yields 
(90%), it also failed to give any enantioselectivity. 
The enantiomeric pair of catalysts 69 and 73 to that of 68 and 72 respectively, were 
also examined in the above reaction, achieving the same results. 
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Enantiomeric excesses were measured by chiral shift I H NMR employing the chiral 
shift reagent tris[3-(heptafluoropropylhydroxymethylene)-( + )-camphorato], 
europium(III) salt, [Eu(hfc)3]. Typical analysis would involve taking a 2 mg sample of 
the insertion product in deuterated chloroform and treating with 0.5 mol equivalents of 
the chiral shift reagent. The I H NMR spectrum of the compounds showed baseline 
resolution of the methyl ester signals at 5.0 ppm and 5.1 ppm, as shown in F~gure 5.86 
\ 'i \ \ I 
I I I \ 
j)\,_)~' 
__ ./ 
5.1 ppm 5.0 ppm 
Figure 5 
In the case of the ethyl diazophenylacetate 74. the insertion reactions were also found 
to give racemic mixtures as shown by the baseline resolution of the ethoxy signals at 
1.7 ppm and 1.8 ppm for product 81. 
Catalvst Product R Yield(%) 
68 83 OMe 88 
84 oiPr 89 
70 83 OMe 90 
84 OiPr 90 
71 83 OMe 89 
84 oiPr 88 
72 83 OMe 90 
84 oiPr 91 
Table2 
Table 2 shows the results for the insertion reactions for ethyl-2-diazo-3-
phenylpropanoate 76 89 (Scheme 49). Baseline resolution of the ethyl groups at 
1.7ppm and l.Sppm (Figure 6) also showed that all the catalysts gave racemic mixtures 
regardless of alcohol or thiol used. 
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Disappointingly diazo substrate 76 gave racemic mixtures of the products 83 and 84. 
Measurements were again taken by analysis of the chiral shift I H NMR employing 1.2 
mole equivalents of the chiral shift reagent Eu( hfc)3 respectively. 
The reactions were also examined at lower temperatures to see if this would influence 
some levels of asymmetric induction. however. this was also unsuccessful. Employing 
pentane as the reaction solvent ~till did not improve our fortunes. 
Another possible explanation for the lack of any enantioselectivity being observed was 
also considered. lt was thought that the dirhodium(ll) carboxvlates could actuallv be 
- . . 
causing racemisation of the products. To study this it was decided to prepare the 
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insertion product methyl a-methoxyphenylacetate in an enantiomerically pure form. 
The commercially available (S)-(-)-a-methoxyphenylacetic acid 85 was heated under 
reflux in methanol with a catalytic quantity of concentrated sulfuric acid. After 
purification, 79 was subjected to the standard insertion reaction conditions. 
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No racemisation 
Analysis of the product by chiral shift 1 H NMR indicated that no racemisation had 
taken place as was observed from only one methyl singlet in the spectrum at 5.1 ppm. 
From these results, our initial investigations revealed that the catalysts were unable to 
induce asymmetry when catalysing the insertion of oxygen and sulfur-hydrogen bonds 
into diazo esters. 
During the course of our studies into asymmetric insertion reactions we had at our 
disposal catalysts that had been developed in other groups. These were namely the 
MEPY catalysts 7a and 7b, developed by the Doyle group, also the prolinate 6 and its 
enantiomer, as well as the binaphtholphosphate catalyst 58 introduced by McKervey. 
82 Indeed, our own group at this time had developed two new chiral catalysts the 
camphanate based catalyst 86, and the camphenate system 87.90,91 (Figure 7). 
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The catalysts 86 and 87 were examined in the 0-H insertion reaction of methanol with 
methyl diazophenylacetate (Scheme 51). As with our earlier chiral catalysts, these also 
failed to achieve any enantioselectivity. They did however afford the desired 
compound in excellent chemical yield with the exception of the MEPY systems 7a and 
7b which provided only 25% yield of the required product 79 as outlined in Table 3. 
0 
Ph~ Jl O 'OMe 
N2 
Catalyst, (2 mol %) 
CH2Cl2, MeOH 
Scheme 51 
0 
Ph. Jl y 'OMe 
OMe 
79 
Catalyst Yield 79 (%) 
6a 85 
7a 25* 
16 82 
86 85 
87 82 
*Reaction time, 4 days. 
Table 3 
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As we had observed no enantioselectivity in our insertion reactions we considered a 
diastereoselective approach. Our first attempt was to synthesise ethyl 2-diazo-3-
phenylbutanoate 88. Thus, we expect to observe some diastereoselectivity from the 
insertion of alcohols into the rhodium carbenoid derivative. Unfortunately, as outlined 
in Scheme 52 all our attempts to prepare 88 from the coupling of ethyl diazoacetate to 
(a)-methylbenzylbromide were in vain. 
+ 3. NaH N
2 
88 
Scheme 52 
Although our efforts to prepare 88 were unsuccessful, we were hopeful that 
modification of ethyl-2-diazo-3-hydroxy-phenylpropanoate92 89 by silicon protection 
of the hydroxy functionality to prevent insertion at this position would allow us to 
examine our desired diastereoselective insertion reaction. 
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TBDMSCI, Et3N 
CH2Cl2 
100% 
Scheme 53 
90 
MeOH, 
84% CH2Cl2 
Rh2L*4;2mol% 
91 
From Scheme 53 it can be seen that whilst the preparation if 90 was facile, attempts to 
effect 0-H insertion proved fruitless as the elimination product 91; was formed 
exclusively. 
Although we were aware that formation of the elimination product 91 was possible, 
work conducted in our own laboratories has demonstrated that suppression of the 
undesired elimination product can be achieved by utilising dirhodium catalysts bearing 
large sterically demanding ligands. 89 However, even the half phthalate ester based 
catalysts failed to give any of the desired product and indeed resulted in exclusive 
formation of the elimination product in comparable yield to rhodium acetate, ea. 80-
85%. 
2.6 Intramolecular Oxygen-Hydrogen Insertion Reactions 
A natural extension to our intermolecular 0-H insertion reactions was to examine the 
intramolecular version of the reaction. As disclosed in Chapter One, McKervey had 
shown that intramolecular insertion of the N-H bond occurred in good yield and 
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moderate enantioselectivity. However, competing C-H bond insertion products and 
elimination products competed with the desired reaction pathway. We decided to 
examine the intramolecular insertion of 2-hydroxyethyl-2-diazo-phenylpentanoate 92, 
which was prepared as shown in Scheme 54. 
NNHTs 
l. .Cl Ph...- y 
0 
1. HO(CH2)zOH 
2. Et3N 
80% 
Scheme 54 
0 
Ph00~0H 
N2 
92 
Rh2L*4 2 mol% 
CH2Cl2 
25% 
0 
Ph{Jlo 
0~ 
93 
The acid chloride, was prepared according to the method described by Corey and 
Myers.93. Subsequent reaction with ethylene glycol in dichloromethane in the 
presence of triethylamine afforded the required diazo compound 2-hydroxyethyl 2-
diazo-phenylpentanoate 92. Infra red analysis provided the indicative diazo stretching 
frequency at 2088cm-1. 
To perform the insertion reaction whilst avoiding competing intermolecular 0-H 
insertion, a solution of the appropriate rhodium catalyst (2 mol %) was dissolved in 
dichloromethane and the diazo alcohol 92, was added over a period of 8 hours by 
51 
syringe pump. Examination of the reaction mixture by thin layer chromatography 
indicated complete consumption of the starting material. Work up and purification of 
the crude reaction mixture afforded the required insertion product 3-phenyl-1,4 dioxane 
2-one 93, albeit in a low 25% yield. Disappointingly, all attempts to assay the product 
by chiral shift 1 H NMR failed to achieve any clear resolution of the proton signals. 
The poor resolution did however give an indication that no stereoselectivity had been 
achieved. Table 4 shows that the catalysts 68-73, were ineffective for asymmetric 
intramolecular 0-H insertion reactions. 
Catalyst Yield 93 (%) 
68 25 
69 25 
70 24 
71 24 
72 25 
73 25 
Table 4 
However, further examination of this reaction is required, especially when one 
considers the recent reports from the McKervey group on the asymmetric 
intramolecular N-H insertion reaction. Moody and eo-workers are continuing efforts to 
examine the intramolecular 0-H insertion reaction. 
2.7Intermolecular N-H Insertion Reactions 
In our efforts to achieve enantioselectivity with N-H insertion reactions, nitrogen 
nucleophiles were subjected to reaction with diazoesters 75 and 76. 
The nitrogen nucleophiles employed for the N-H insertion process were diethylamine, 
benzylamine, 4-methoxyaniline, benzyl carbamate and also the tert-butoxycarbonyl 
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protected propylamine. The reactions were carried out as for the alcohol and thiol 
insertions to afford the amino ester products in good yield.94a,b,c,d (Scheme 55). 
0 
Ph~ .1 I( 'oMe 
N2 
75 
2 mol% Rh2L*4 
CH2Cl2, 40°C 
R1R2NH 
67-83% 
Scheme 55 
94 R1 = R2 = Et 
95 R1 = H R2 = BnOCO 
' 
96 R1 = H, R2 = PhCH2 
97 R1 = H, R2 = 4-Me0-C6H4 
98R1 =H R2 =Pr 
' 
Attempts to developed a chiral assay for the resulting insertion products were 
unsuccessful. Baseline resolution was not achieved using the chiral shift NMR 
techniques previously discussed. The use of chiral HPLC also proved to be ineffectual 
at providing any insight into the enantioselectivity of the reaction. A further technique 
was to add 99, to a I H NMR sample of the product to achieve an in situ diastereomeric 
complex. However, this also proved to be unsuccessful. 
99 
An interesting observation was that 98 was actually formed by the insertion reaction of 
tert-butoxycarbonyl protected propylamine. From the spectroscopic evidence collected 
on the insertion product it was observed that the insertion reaction occurs as expected 
with concomitant cleavage of the protecting group. 
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The insertion reaction of nitrogen nucleophiles with ethyl 2-diazo-3-phenylpropanoate 
was also examined as outlined in Scheme 56. This however, resulted in exclusive 
formation of the elimination product 100 in 75% yield. 94a 
76 
2mol%catalyst, 
CH2Cl2• 40°C 
R1 = R2 =Et 
R1 =Ph,R2 =H 
Scheme 56 
2.8 Diastereoselectivity in the 0-H Insertion Reaction 
100 
The Moody group had previously reported on the use of chiral diazoesters to examine 
diastereoselectivity in the reaction of hydroxylic bonds with rhodium carbenoids. 60 
Diastereoselectivities had been reported, up to 53%, using alcohols in conjunction with 
enantiomerically pure diazo esters derived from trans-( + )-2-phenylcyclohexanol. 
It was anticipated that the homochiral dirhodium(II) carboxylates would exhibit some 
matched selectivity with the auxiliary and diastereoselectivities higher than that 
achieved with rhodium acetate. The insertion of methanol into diazoester 101, in the 
presence of catalysts 68-73, was examined and the results are presented below in 
Scheme 57. 
101 
MeOH 
2 mol % catalyst 
CH Cl 2s•c .,.. 2 2, 
Scheme 57 
54 
dra}y~ 
OMe 
102 
Catalyst Yield 102 (%) d.e. (%) 
4 86 16 
68 91 16 
69 90 16 
70 89 16 
71 90 16 
72 90 16 
73 88 16 
7a 60 16 
16 88 16 
TableS 
Disappointingly, the homochiral carboxylates 68-73, gave the same diastereoselectivity 
as the use of rhodium acetate (16%), TableS. The levels of diastereoselectivity were 
measured by comparison of the diastereomeric methoxy signals in the 1 H NMR. This 
indicated the level of stereocontrol was being influenced solely by the auxiliary and the 
use of an enantiomerically pure carboxylate catalyst was found to be ineffective. 
2.9/nsertion ofChiral Nucleophiles 
An alternative approach that was considered to achieve some degree of 
diastereoselectivity was to use enantiomerically pure alcohols and amines as the chiral 
nucleophile. Analysis of the diastereomeric signals in the 1 H NMR would allow us to 
observe any diastereoselectivity achieved in the insertion reaction using a chiral 
catalysts compared to that of rhodium acetate where any diastereoselectivity observed 
would be as a result of the enantiomerically pure nucleophile used. 
(R)- and (S)-sec-butyl alcohols were used as the chiral nucleophile in these studies. 
Although under rhodium acetate catalysis we only observed 20% d.e., it was felt that as 
we were attempting to observe an improvement in diastereoselectivity the absolute 
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value of the stereocontrol should not concern us too much at this early stage in our 
investigations. As before the insertion was carried out under the aforementioned 
conditions shown below in Scheme 58. The structure of the required insertion product 
was confirmed by the presence of the signal in the 1 H NMR and by observation of the 
required molecular ion in the mass spectrum. 
0 
Ph- Jl y 'oMe 
N2 
75 
2 mol %catalyst 
(S)-sec-butanol 
CH2CI 2 
Scheme 58 
0 
Ph~ Jl 
""( ~OMe 
0 
~ 
103 
Analysis of the diastereomeric methyl ester signals in the 1 H NMR indicated a 
diastereoselectivity of 20% regardless of the catalyst that was screened in the reaction. 
These observed diastereoselectivities confirmed that our chiral catalysts were not 
having any influence at all in the stereochemical outcome of the reaction. An extension 
of the chiral nucleophile approach could be exploited by using an enantiomerically pure 
amine or alcohol that upon insertion into the diazo ester would itself afford high levels 
of stereocontrol. Further manipulation of the insertion product would allow the 
synthesis of diastereomerically enriched amino or alkoxy esters that we would expect to 
be able to obtain diastereomerically pure by simple column chromatography. A general 
preparation of diastereomerically pure a-amino or alkoxy esters is shown below in 
Scheme 59. 
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0 
Ph~ Jl I( 'OMe 
N2 
2mol% catalyst 
CH2Cl2 
R*OH, 25°C 
R*NH2,40°C 
Scheme 59 
0 
Ph, Jl 
"( OMe 
XR* 
X=NH 
=0 
OR* Product Yield(%) d.e. (%) 
S-(-)-phenethyl 104 78 10 
R-(-)-phenethyl 105 72 10 
(-)-menthol 106 82 60 
(+)-menthol 107 86 60 
Table 6 
NHR* Product Yield(%) d.e. (%) 
S-( +)-a-methyl 108 60 10 
benzyl 
L-phenylalanyl- 109 63 0 
methyl ester 
Table 7 
With the exception of the isomers of menthol the selectivity achieved was poor (0-
10% ). Even with menthol the diastereomeric excess of 60% represents very little 
synthetic value. When the isomers of menthol were inserted using chiral catalysts the 
diastereoselectivity was found to be the same, ea. 60%. No match or mismatch was 
observed. Again this was an indication that our chiral catalysts were having no 
influence on the generation of the newly formed sp3 centre. 
57 
2.10 Insertion Reactions of a Diol 
At this point we decided to examine a variation on our efforts to induce asymmetric 
induction in the 0-H insertion reaction and examined the insertion of the-diol 
2-methyl-1,3-propanediol into ethyl diazoacetate. We reasoned that although this was 
an insertion of the 0-H bond into the rhodium carbenoid, a reaction that had so far 
proved unsuccessful, this particular approach would induce asymmetry at a carbon 
centre that was not at the site of insertion. 
To a solution of ethyl diazoacetate and 2-methyl-1,3-propanediol in anhydrous 
dichloromethane at room temperature and under an atmosphere of nitrogen was added 
the rhodium catalyst (2mol%). The reaction was left to stir until analysis by thin layer 
chromatography revealed the consumption of the diazo starting material (Scheme 60). 
+ 
Me 
HO~OH 
2 mol % catalyst, 
CH Cl 25°C .,_ 2 2, 
80% 
Scheme60 
Me 0 
HO~o00Et 
110 
During the course of our studies we examined our own catalysts alongside the MEPY 
catalysts 7a and 7b developed by Doyle, as well as the prolinate 6 introduced by 
McKervey. 
Analysis of the product 110, ethyl-(3-hydroxy-2-methylpropoxy) acetate by chiral shift 
lH NMR in benzene using 0.6 mol equivalents ofEu(hfc)3, afforded baseline 
resolution of the proton signals at 1.7ppm and l.Sppm, to reveal a racemic mixture. 
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Changing the solvent to pentane, and variation of the reaction temperature had no effect 
on the lack of enantioselectivity observed. 
Conclusions drawn were that the catalysts we had to hand were ineffective at achieving 
any levels of enantioselectivity regardless of the type of insertion carried out, i.e. 
whether the newly created chiral centre is at the point of insertion or whether it is 
removed. 
2.11 Silicon-Hydrogen Insertion Reactions 
We decided to examine the insertion reaction of silanes with the diazoesters. Doyle et 
a/ had reported on the rhodium(II) acetate catalysed insertion reaction of silanes with 
diazocarbonyls and showed that the reaction gave high yields of the a-silylcarbonyl 
compounds,68 although reports using copper had been described earlier. 69, 70. The 
silicon-hydrogen insertion reaction is believed to insert through a concerted mechanism 
and therefore it was anticipated that this would enable some asymmetric induction to be 
observed. 
It was hoped that if the enantioselectivity achieved was good, oxidation of the silicon 
group according to the method of Fleming95 or Tamao96 would facilitate a route to 
enantiomerically enriched a-hydroxy esters. 
Thus, a dichloromethane solution of methyl diazophenylacetate and 
dimethylphenylsilane was treated with the appropriate catalyst (2 mol %) to give the 
Si-H insertion product 111 in good yields and low to modest levels of asymmetric 
induction as outlined below in Table 8.91 
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0 
Ph~ Jl y 'oMe 
75 
Catalyst 
4 
68 
70 
72 
73 
6 
7a* 
PhMe2SiH, CH2Cl2 
2 mol %, Catalyst 
Scheme 61 
Yield 111 (%) 
93 
91 
88 
84 
89 
77 
70 
* Reaction heated under reflux. 
Table 8 
111 
e.e. (%) 
-
10 
8 
15 
6 
12 
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The enantiomeric series of catalysts to 69, 71 and 7b were also screened and gave equal 
and opposite levels of enantioselectivity. 
From Table 8 it can been seen that the menthol derived phthalate esters and the pyrrole 
carboxylates afforded low levels of asymmetric induction. This was measured by chiral 
shift 1 H NMR employing O.Smol equivalents of the chiral shift reagent Eu(hfc)3. 
Complementary measurements were observed using chiral HPLC using a Chiralpak AD 
column eluting with 0.1% 2-propanol in hexane at O.Smllmin. as shown in Figure 8. 
60 
~~ 
I lA 12.3 (retention time/mini 
(15% e.e.) 
Figure 8 
We also examined the use of the carboxamide catalysts 7a and 7bdeveloped by Doyle. 
Interpretation of the results in Table 8. indicate that lower activity of these catalysts 
require the reaction to be carried out in a refluxing solution of dichloromethane. Higher 
levels of asymmetric induction (upto 47% e.e.) were obtained in the case of the MEPY 
catalysts 7a and 7b. Although the levels of asymmetric induction achieved using our 
catalysts were low, it did indicate that the catalysts were involved during the generation 
of the new sp3 centre. 
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On this basis we were encouraged to screen our catalysts in other rhodium catalysed 
reactions where high levels of enantioselectivity were known to be accessible. Thus, it 
was decided to examine our catalytic systems in a C-H insertion reaction, and to 
examine a carbon-carbon bond forming reaction in the way of an asymmetric 
cyclopropanation reaction and an ylide rearrangement. These results are given in 
Chapter Three. 
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Chapter Three 
Asymmetric Carbenoid Transformations 
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3.1 Introduction 
As reported in Chapter One, extensive investigations have been carried out on the 
asymmetric cyclopropanation reaction. Rhodium carboxamides and carboxylates have 
been successfully employed in this reaction resulting in high levels of enantiocontrol. 
We therefore felt that this provided the precedent for us to examine our carboxylate 
ligands in this process. 
3.2 Asymmetric Cyclopropanation Reactions 
With a view to achieving some levels of asymmetric induction using our novel 
enantiomerically pure carboxylate catalysts we examined the intramolecular insertion 
reaction of diazo ketone 112 as shown in Scheme 62. The application of the 
diazoketone 112 in the intramolecular C-H insertion had been previously reported by 
the group of Dauben. 97 The ease of preparation of this substrate provided us with a 
short route to screening our catalysts in an asymmetric cyclopropanation reaction. 
A typical procedure for the preparation of 112 was carried out as follows. 
A solution of the acid chloride derivative of 2-pentenoic acid in ether was treated with 
2.2 mol equivalents of diazomethane by dropwise addition over 15 minutes. The 
reaction was then left to stir overnight. After this time nitrogen was bubbled through 
the solution to remove the excess diazomethane. Careful evaporation of the remaining 
diethyl ether afforded the required diazo ketone as seen by the characteristic infra red 
stretching frequency (C=N 2) at 2085cm·l. 
The cyclopropanation reaction was then carried out as follows. 
A solution of the diazoketone 112, in dichloromethane at room temperature was treated 
with the appropriate chiral catalyst (2 mol % ) and allowed to stir for 2 hours. 
Evaporation and purification by chromatography (ether/light petroleum) afforded the 
required bicyclic ketone in good yield. (Scheme 62). 
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0 
OH 
1) (COClhO, CH2Cl2 
2) CH2N2 Et20 CL> 2 mol% Rh2L*4 
112 113 
Scheme62 
Catalyst Yield 113 (%) 
68 62 
69 60 
70 60 
71 61 
72 61 
73 62 
Table9 
The optical rotations measured on the products obtained from our investigations 
indicated that no enantioselectivity was achieved. These disappointing results indicated 
that no asymmetric induction had been achieved at the newly created chiral centre in 
the products. These results caused great concern since they indicated that the catalysts 
were ineffective in what is believed to be a concerted reaction. It was felt that if the 
catalysts would prove effective at all, then this type of reaction offered one of our best 
hopes of achieving some level of asymmetric induction and would therefore 
compliment the results from the si lane insertions, a reaction that is also believed to 
follow a concerted reaction pathway. Having been unsuccessful in observing any 
enantioselectivity in the carbon-carbon bond forming reaction, it was decided to screen 
our catalysts in a carbon-hydrogen insertion reaction. Again, a reaction that had 
literature precedence for being susceptible to chiral catalysis. 
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3.3 Asymmetric Carbon-Hydrogen Insertion Reactions. 
We decided to investigate an asymmetric C-H insertion reaction utilising our catalysts 
with the optimism of achieving asymmetric induction. We chose to examine the C-H 
insertion reaction of the a-diazo-~-ketoester 114 which has undergone extensive 
investigation by Jkegami and co-workers43. It was decided to follow the procedure of 
Jkegami to prepare the desired starting material as shown in Scheme 63. 
MelfYOMe 
0 0 
Ph 
115 
1) NaH, THF, -zooc 
2) nBuLi 
3) PhCH2CH21 
71% 
I LiOH, DMSO/HzO 
~ !60°C, 95% 
0 Q 
Ph 
116 
Scheme63 
Ph 
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Ph 
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114 
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OMe 
The di-anion of methylacetoacetate, was prepared by treatment with !.!mol equivalents 
of sodium hydride followed by l.lmol equivalents of n-butyllithium. This was 
quenched with phenyl ethyliodide to afford methyl-3-oxo-phenylpentanoate. 
Purification and subsequent diazo transfer using tosylazide and triethylamine in 
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dichloromethane gave the desired a-diazo-~-ketoester 114, which showed the 
indicative diazo stretching frequency, (C=N2) at 2090cm-l in its infra red spectrum. 
With the required diazo compound to hand the carbon-hydrogen insertion reaction was 
studied using the catalysts 68-72. 
A solution of the diazo compound 114 in anhydrous dichloromethane was treated with 
the appropriate rhodium catalyst (2 mol % ). The resulting cyclopentanone 115, was 
then decarboxylated, by firstly hydrolysing the ester to the corresponding acid in 
aqueous dimethylsulfoxide in the presence of lithium hydroxide at l60°C followed by 
in situ decarboxylation to afford the product 116. The 3-phenyl cyclopentanone 116 
was produced in good yield as shown in Table 10. 
Catalyst Yield 116 (%) 
68 66 
69 67 
70 64 
71 65 
72 65 
73 67 
Table 10 
Comparison of the optical rotations with those reported in the literature98 indicated that 
we were unsuccessful in achieving asymmetric induction for the C-H insertion reaction 
of ll4. We had expected to observe some enantiomeric excess in light of the Si-H 
insertions. 
It was concluded that the problems we were experiencing in achieving only low levels 
of enantioselectivity were probably due to a design fault in the ligands since the 
catalysts were ineffective at inducing asymmetry, especially in the later two reaction 
types, where enantiomerically pure dirhodium(II) carboxylates had been shown to 
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effect excellent levels of enantioselectivity. One possible explanation that could 
explain the lack of selectivity is outlined in Figure 9. 
;Pr 
Me~--~ 
Free rotation about C-0 bond/ 
Stabilisation from overlap of an empty orbital and the oxygen lone pair. 
Figure9 
Doyle has postulated regarding the ability of the carboxamide ligands to interact with a 
vacant orbital on the carbenoid carbon atom and claims that this interaction stabilises 
the transition state and directs the approach of the incoming nucleophile, thus resulting 
in the enantioselective reaction pathway of the insertion reaction. We had anticipated 
that our catalysts would exhibit the same behaviour and therefore deliver some level of 
asymmetric induction. However, from the results achieved it would appear that there 
must be other factors operating. 
When one carefully examines the proposed transition state it is conceivable that the 
auxiliary (in the example shown this is menthol) may have free rotation around the 
carbon-oxygen bond and as a result any potential for asymmetric induction from the 
catalyst is diminished. If this hypothesis is correct, then this may help to explain why 
the observed enantioselectivities are at best only 12%. 
The same reasoning may also be applied to the pyrrole carboxylates. The inherent 
rigidity of the carboxamide ligands developed by Doyle would not allow the same 
phenomenon to occur. Recent reports by Davies,99 McKervey and DoylelOO on the 
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use of pentane as solvent (as mentioned in Chapter One) is believed to cause alignment 
of the carboxylate ligands bound to the dirhodium core through repulsive forces, does 
indeed result in enhanced selectivity. 
3.4 Asymmetric Heteroatom Ylide Generation and {2,3] Sigmatropic Rearrangement 
Although our attempts to induce high levels of enantioselectivity had thus far been 
unsuccessful, we decided to examine the catalysts in the intra and intermolecular ylide 
rearrangement reaction. As we have already mentioned in Chapter One the generation 
and rearrangement of ylides catalysed by rhodium and copper salts has been extensively 
investigated. McKervey has reported on the asymmetric [2,3] sigmatropic 
rearrangement of oxygen ylides catalysed by homochiral rhodium(Il) carboxylates. 82 
It was therefore decided to investigate this reaction with our chiral catalysts with the 
expectation of inducing asymmetry. The preparation of the required 
a-diazo-f>-ketoester was carried out according to the method of McKervey as shown in 
Scheme64. 
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3-Methyl salicylic acid as a solution in anhydrous acetone was stirred with an excess of 
allyl bromide. The solution was then treated with potassium carbonate and allowed to 
stir for 24 hours. Purification of the resulting his-allyl compound and subsequent 
hydrolysis using sodium hydroxide afforded 3-methyl salicylic acid protected as its 
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allyl ether. Subsequent reaction with carbonyl diimidazole and with the magnesium 
salt of methyl malonate according to the method of Masamune 101 afforded the required 
~-ketoester, in 40% overall yield from the salicylic acid. Diazo transfer using tosyl 
azide and triethylamine in anhydrous dichloromethane afforded the adiazo-~-ketoester. 
With the desired diazo compound to hand we screened our enantiomerically pure 
catalysts in the reaction with a view to achieving asymmetric induction. Treatment of a 
dichloromethane solution of the diazo compound 56, with the rhodium catalyst (2 mol 
%) gave after purification the rearranged product 57, methyl 2-allyl-7-methyl-3-
oxobenzofuran-2-carboxylate. The product was assayed by chiral shift lH NMR using 
0.6 mol equivalents of the chiral shift reagent Eu(hfc)3. Figure 10 shows base line 
resolution of the methyl ester signals resulting in 12% e.e. 
/ 
4.1 ppm 4.0 ppm 
Figure 10 
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A chiral HPLC assay for the reaction was also developed. The I H NMR and the HPLC 
provided complimentary assays for enantiomeric excess determination. Table 11 
shows that the catalysts were able to effect low levels of asymmetric induction. 
Catalyst Yield 57(%) e.e. (%) 
68 82 12 
69 80 12 
70 78 0 
71 78 0 
72 82 10 
73 81 10 
Table 11. 
The low levels of enantioselectivity observed in these experiments are of limited 
synthetic value. However, from a mechanistic view point, indications are that the 
enantiomerically pure carboxylate catalysts must be present at the point when the 
asymmetric centre is created as the catalyst is the only source able to induce the 
asymmetry found in the product. This information along with the results from the 
silane insertion reaction indicates that although the catalysts are achieving low levels of 
stereoselectivity the problem must lie in the ligand design. 
It was decided to extend these results and examine the intermolecular rearrangement of 
oxygen and sulfur ylides. 
To do this we examined the ylide formation and rearrangement of sulfur and oxygen 
allyl ethers with methyl diazophenylacetate. The reaction of ethyl thioallylether 117, 
with methyl diazoacetate 75 was examined as shown in Scheme 65. 
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Treatment of a solution of the diazo compound 75 and the thioether 117 in 
dichloromethane with the appropriate rhodium catalyst (2 mol %) followed by stirring 
under a nitrogen atmosphere for I hour afforded the desired product 119 in excellent 
yield. From the results of the intramolecular reaction one would anticipate that an 
intermediate of the type 118 would exist (or a resonance structure thereof) and therefore 
expect that the intermediate would exist as the rhodium stabilised cation as drawn. This 
would allow the chiral integrity of the catalyst to influence the suprafacial [2,3] 
sigmatropic rearrangement of the intermediate ylide and thus deliver an 
enantiomerically enriched product. This is observed as being the case as is indicated by 
the albeit low levels of enantioselectivity achieved (Table 12). 
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Catalyst Yield 119 (%) e.e. (%) 
68 82 12 
69 80 12 
70 82 0 
71 79 0 
72 77 8 
73 78 8 
Table 12 
Using chiral shift NMR as the assay method, baseline resolution was achieved (Figure 
11), however only low levels of enantioselectivity were observed ( 12% e.e). 
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Figure 11 
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The oxygen analogue, ethyl allylether, was also examined in the same reaction with the 
expectation that the results achieved would complement those observed for the 
thioether. The reaction was carried out as before, but to our surprise the diazo 
compound did not undergo reaction with the ethyl allylether at all. The reaction was 
performed in dichloromethane as before but even after 24 hours stirring under an 
atmosphere of nitrogen the diazo compound was recovered quantitatively. Examination 
of the crude I H NMR spectrum showed only the starting material to be present. In 
particular, examination of the highfield region of the spectrum indicated the absence of 
the characteristic cyclopropyl signals that one might expect as a consequence of the 
cyclopropanation of the allyl group. Performing the reaction at reflux in 
dichloromethane or chloroform did not improve our fortunes. This was a surprise since 
the reaction of sulfur and in particular nitrogen nucleophiles with rhodium catalysts at 
lower temperatures can result in the slowing down or complete loss of catalytic activity, 
it is surprising that the oxygen would appear to be ineffective at ylide formation and 
rearrangement. When one considers that the reaction of alcohols with methyl 
diazophenyl acetate occurred much more rapidly than with 2-propanethiol, and even the 
reaction of nitrogen nucleophiles proceeded smoothly at elevated temperatures. The 
complete loss of reactivity with the allyl ether would not appear to be one of simple 
complexation to the axial site of the dirhodium complex. Even so the low level of 
enantioselectivity achieved with ethyl thioallylether provided a complimentary set of 
results to the intramolecular ylide reaction that was examined. 
3.5 Conclusion 
A series of enantiomerically pure dirhodium(Il) carboxylate catalysts have been 
successfully prepared. Application of these catalysts in a variety of rhodium carbenoid 
transformations has resulted in low levels of enantioselectivities being achieved in 
selected cases. The catalytic activity for inducing asymmetry is however not universal. 
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Where success has been achieved the enantioselectivities indicate that the ligand design 
needs to be carefully considered and redesigned for future applications. 
Our efforts have however resulted in a series of carbenoid transformations that can now 
be easily applied to new catalysts that are synthesised. The development of chiral 
assays either by chiral shift 1 H NMR, chiral HPLC, or in some cases by the utilisation 
of both techniques permits for a rapid analysis of new dirhodium catalysts to be 
undertaken and their ability to induce enantioselectivity to be quickly established. 
76 
Chapter Four 
Triethyl diazophosphonoacetate 
in Organic Synthesis 
77 
4.1 Introduction 
N-Acyl aminophosphonoacetates are found to be useful intermediates in organic 
synthesis. They were originally developed by the Merck group in the preparation of 
cephalosporinsl02 and analogues103 as well the synthesis of dehydroamino esters.l04 
The preparation of phosphonylglycine derivatives was originally carried out by the 
methoxycarbonylation of the anion of the Schiff base of diethyl 
(aminomethyl)phosphonoacetate.I03 Subsequent preparations have been achieved by the 
use of electrophilic amination of phosphonoacetates, 105 oximation of phosphonoacetates 
followed by reduction, 105a,106 addition of diethyl phosphite anion to the Schiff base of 
ethyl glyoxalate, 107 or by the Michaelis-Arbuzov reaction of triethyl phosphite with 
aziridines, 108 or with a-halo or alkoxy glycine esters.109 
In view of our interests concerning the insertion reaction of X-H bonds (X= 0, N, S and 
Si) into diazo compounds we envisaged that using triethyl diazophosphonoacetate 121, 
prepared by the diazo transfer of the corresponding methylene precursor triethyl 
phosphonoacetate 120, we would gain access to the preparation of a number of 
synthetically useful classes of compounds. Our initial thoughts were directed at the 
preparation of N-acyl aminophosphonoacetates and aminophosphonoacetates. One can 
envisage that subsequent manipulation of the phosphonate functionality would facilitate 
the preparation of a range of dehydroaminoesters which would themselves, through an 
asymmetric reduction, provide access to enantiomerically enriched amino esters and 
amino acids. The preparation of peptides by a novel procedure will also be discussed in 
this chapter. 
4.2 Preparation ofTriethyl diazophosphonoacetate. 
To a solution of triethyl phosphonoacetate in anhydrous dichloromethane at room 
temperature under an atmosphere of nitrogen was added tosyl azide. This was treated 
with triethylamine and the reaction mixture was allowed to stir for 3 hours. Purification 
afforded the desired product 121 in 63% yield.11 0,111 The characteristic diazo 
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stretching frequency was observed in the infra red spectra at 2092cm-l. An alternative 
method for diazo transfer involved the use of azido tris (diethylamino)phosphonium 
bromide, in anhydrous ether.ll2 Utilising the latter method we were able to obtain the 
required diazo compound in an improved yield of 93%, compared to 63% using the tosyl 
azide procedure. The preparation of triethyl diazophosphonoacetate using the procedures 
discussed above is outlined in Scheme 66. 
120 
TosN3, Et3N, 
CH2Cl2, 63% 
or (Et2NhPBrN3, 
Et20, 1BuOK, 93% 
Scheme66 
0 
11 
Et02CYP(0Etl2 
N2 
121 
We chose to prepare 121, utilising the phosphonium salt as the diazotransfer reagent is 
commercially available and exists as a stable crystalline solid. From a safety point, the 
latter method avoided the use of the potentially explosive tosyl azide and allowed the safe 
preparation of multi gram quantities of the required diazo compound, by simply stirring in 
ether with base. 
An interesting feature of using the azido tris(diethylamino)phosphonium bromide is that 
the reaction is catalytic with respect to base. This is attributed to the basicity of the 
phosphorimine nitrogen of the tris(diethylamino)phosphorimine side product 122, 
produced in the reaction. 
HN=P(NEt;>)3 
122 
The phosphorimine produced subsequently acts as the base to afford deprotonation of the 
triethyl phosphonoacetate, thus causing the diazo transfer reaction to be catalytic with 
respect to the base used. 
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4.3 Preparation of N -Acyl aminophosphonoacetates 
Our efforts to synthesise N-acyl aminophosphonoacetates were stimulated by our interest 
in the N-H insertion reaction into diazo compounds. We were also encouraged by the 
widespread interest that biologically important aminophosphonates have received in the 
literature. 113 
We envisaged that the rhodium acetate catalysed N-H insertion reaction into triethyl 
diazophosphonoacetate would represent a simple (2 steps from triethyl phosphonoacetate) 
route to a range of N-acyl aminophosphonoacetates. Schmidt et al. have published 
extensively on the subsequent Wadsworth-Emmons reaction of N-acyl 
aminophosphonoacetates to prepare a series of dehydroamino esters) 14a,b,c 
A general procedure to effect N-H insertion was carried out as follows. 
A solution of triethyl diazophosphonoacetate and the appropriate nitrogen nucleophile in 
toluene was treated with rhodium acetate (2 mol%). The reaction mixture was heated 
under reflux for 6 hours. Analysis of the crude reaction mixture by thin layer 
chromatography showed complete consumption of the triethyl diazophosphonoacetate. 
Purification of the crude reaction mixture afforded the desired phosphonyl glycine ester 
in moderate to good yield as indicated in Scheme 67.114d 
0 
11 
Et02CYP(0Eth 
N2 
121 
R'CONHR 
Rhz(OAc)4.(2 mol%) 
toluene, reflux 
Scheme 67 
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R' R Product Yield(%) 
otsu H 123 75 
OCH2Ph H 124 73 
Me H 125 79 
Et H 126 66 
isu H 127 76 
Pr tsu 128 46* 
NHMe H 129 40 
*The product IS the deprotected amme denvatJve; the N-tert-butoxy-
carbonyl group is removed during the course of the reaction. 
Table 13 
The indicative double doublet corresponding to the methine proton a to phosphorous at 
approximately 5.1 ppm (as referenced to TMS) was always observed in the I H NMR 
spectrum, a signal attributed to the methine proton coupling to the N-H and subsequently 
through to the phosphorus. The Be NMR also exhibited a characteristic doublet for the 
methine carbon at approximately 51 ppm and a typical coupling constant of 140Hz. 
Again, this was due to the coupling of the methine carbon through to the phosphorus. 
From Table 13 it can be seen that the rhodium(II) catalysed N-H insertion reaction into 
triethyl diazophosphonoacetate provides access to a range of N-acyl 
aminophosphonoacetates. 
Ami des and carbamates can be utilised to provide a series of N-acyl aminophosphonates 
and although the yield of the N-methyl urea insertion reaction was only moderate, no 
insertion into the NHMe bond was observed. Amines themselves do not undergo 
insertion into triethyl diazophosphonoacetate presumably due to catalyst poisoning. 
We have, however shown that in the case of 128, tert-butoxycarbonyl protection of the 
amine affords the product that may be considered as a formal insertion of the amine 
itself, as a result of the subsequent in situ. cleavage of the protecting group. 
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4.4 Insertion Reactions of Anilines with Triethyl diazophosphonoacetate 
Having successfully prepared a range of N-acyl aminophosphonoacetates it was our 
intention to extend the N-H insertion reaction into rhodium carbenoids to the insertion 
of anilines. 
Reports by Haigh that rhodium acetate facilitated the insertion of aniline into triethyl 
diazophosphonoacetate provided the precedent for us to examine this insertion 
reaction. liS 
Our aim was to prepare a series of N-ary! aminophosphonoacetates by the insertion of 
anilines into the rhodium carbenoid derivative of triethyl diazophosphonoacetate. 
Subsequent olefination of the phosphonate functionality would provide a route to N-ary! 
dehydroamino esters. The N-aryldehydroamino esters may then be subjected to an 
asymmetric hydrogenation using a chiral rhodium(!) catalyst to afford the 
enantiomerically enriched N-arylamino ester. Further manipulation by hydrolysis of the 
ester functionality would provide a route for the asymmetric synthesis of N-ary! amino 
acids. 
Thus, a solution of triethyl diazophosphonoacetate and the appropriate aniline in 
anhydrous toluene under an atmosphere of nitrogen was treated with rhodium(II) 
acetate and the reaction was heated to reflux for 6 hours. Complete consumption of the 
diazo starting material was revealed by analysis using thin layer chromatography and 
infra red spectroscopy, the latter bearing the notable absence of the diazo signal at 
2092cm-1. Purification of the crude mixture by column chromatography or 
recrystallisation afforded the desired insertion product in good yield (typically 70-80%). 
Scheme 68 shows the general procedure for the insertion reaction and Table 14 gives 
the results for the said reaction employing a range of anilines.94 
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121 
X 
H 
4-Me 
4-MeO 
4-N02 
4-Cl 
2-MeO 
2-Br 
2,6-Me2C6H3 
2Cl-4CF3C6H3 
XC6H4NH2 
Rhz(OAc)4 2 mol% 
toluene reflux 
Scheme68 
Product 
130 
131 
132 
133 
134 
135 
136 
137 
138 
Table 14 
Yield(%) 
72 
73 
70 
81 
71 
72 
70 
71 
61* 
* The product from the insertion of 2-chloro-4-trifluoromethyl-aniline 138, was 
accompanied by the formation of 139. This was presumably formed by condensation of 
2-chloro-4-trifluoromethyl-aniline onto the ethyl ester functionality to form the amide 
derivative of 138. 
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CF3 
Cl 
0 ~ ~~P(OEt)2 
NH 
Cl 
CF3 
139 
During the course of our studies we also examined the insertion of thiophenol into 121. 
Haigh had reported on the insertion of aniline and phenol into the diazo 
phosphonoacetate 121, and our results using a range of anilines extended these results 
further. liS The insertion of thiophenol was carried out as for the insertion of the 
anilines and the reaction did infact deliver the required product triethyl thiophenyl 
phosphonoacetate 140 cleanly in excellent yield (80% ). 
140 
An interesting observation during the course of our N-H insertion reactions was that 
2-hydroxyaniline failed to give any of the desired insertion product. In fact, the triethyl 
diazophosphonoacetate was recovered quantitatively. In the case of 4-hydroxy aniline 
triethyl diazophosphonoacetate was recovered in 75% yield along with a 20% yield of 
4-N-ethyl-phenol 141, the origin of which remains a mystery!. Although we were 
unable to explain the occurrence of 141, we did establish that the formation of this 
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product was independent of the rhodium catalyst and therefore of any unexpected 
carbenoid based reaction. When the reaction was repeated in the absence of rhodium 
acetate the same side product was formed in comparable yield (23% ). 
OH 
HNEt 
141 
During the course of our investigations, we observed that any attempts to effect the 
insertion of anN-substituted aniline was unsuccessful. The attempted insertion of N-
acyl aniline into triethyl diazophosphonoacetate catalysed by rhodium acetate failed to 
give any insertion product, as did similar efforts to facilitate the insertion of N-
methylaniline. When the dirhodium(II) catalyst was changed to the more reactive 
dirhodium(II) trifluoroacetamide the reaction with N-methylaniline still failed to give 
any insertion product. In all these unsuccessful attempts to facilitate insertion, the 
triethyl diazophosphonoacetate was recovered in quantitative yield. It would therefore 
seem that steric factors at the aniline nitrogen are critical to the success of the insertion 
reaction. 
The primary ani lines had shown remarkable generality in the insertion reaction. From 
Table 14, it can be seen that the insertion reaction was successful regardless of the 
substitution pattern or the electronic nature of the substituent on the aromatic ring. Both 
electron donating and electron withdrawing substituents such as nitro, trifluoromethyl 
and methoxy for example all gave excellent yields of the desired product. The insertion 
of 2,6 dimethylaniline also gave comparable yields of the desired product, obviously no 
steric effects appeared to be operating in this case. 
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As discussed earlier our next aim was to prepare a series of N-ary! dehydroamino esters. 
Schmidt et al. had reported on the successful olefination of a range N-acyl amino 
phosphonoacetates. We were, therefore, hoping to apply the olefination conditions 
reported by Schmidt to prepare our N-ary! dehydroaminoesters.114b 
A general reaction for the olefination of triethyl N-phenyl aminophosphonoacetate is 
given in Scheme 69 
Base, RCHO 
130 142 
Scheme69 
Our first attempt to effect olefination of a triethyl N-ary! aminophosphonoacetate was to 
use a procedure carried out by Schmidt in the synthesis of antrimycin Dv.ll5c This 
involved preparing a solution of triethyl N-phenyl aminophosphonoacetate 130 in 
acetone at room temperature and stirring in the presence of DBU for 48 hours. After 
this time, analysis by thin layer chromatography revealed only starting material 
present. When benzaldehyde was used as the aldehyde and the reaction was performed 
in refluxing dichloromethane, thin layer chromatography indicated that no product 142 
(R =Ph) had been formed. We therefore decided to use a stronger base, hence a 
solution of 130, in tetrahydrofuran was treated with sodium hydride. After 20 minutes 
the evolution of hydrogen had ceased and a solution of benzaldehyde in tetrahydrofuran 
was added dropwise and the reaction allowed to stir for 2 hours. Analysis by thin layer 
chromatography and subsequently by 1 H NMR showed no consumption of starting 
material had occurred. Using lithium diisopropylamide or n-butyllithium as the base 
still did not improve our fortunes. 
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As discussed earlier, the olefination reactions carried out by Schmidt and indeed other 
groups were all performed using N-acyl derivatives of triethyl phosphonoacetate. It 
therefore seemed reasonable to conclude that theN-acyl group present in the reported 
examples was able to facilitate the olefination reaction by stabilising the anion 
generated. If this was indeed the case, then the use of an insertion product containing 
an electron withdrawing functionality may facilitate the olefination reaction. 
It was therefore decided to use triethyl (4-nitrophenyl) aminophosphonoacetate as the 
starting material to see if the olefination product could be prepared. The conditions for 
the olefination reaction are shown in Scheme 70. 
133 143 
Scheme 70 
The Wadsworth Emmons olefination reaction was carried out using benzaldehyde in 
anhydrous THF. A solution of the insertion product 133, in THF at -78°C was treated 
with the appropriate base. The reaction mixture was warmed to 0°C to facilitate the 
formation of the anion. Subsequent cooling to -40°C and addition of benzaldehyde as a 
solution in THF, followed by stirring of the reaction mixture overnight. 
Using lithium diisopropylamide, n-butyllithium or sodium hydride as the base resulted 
in the quantitative recovery of the starting material. However, when potassium hydride 
was used, a colour change from the original colourless solution to deep red was 
observed. Work up, however, afforded 60% recovery of the starting material and a 
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complex mixture of compounds that eo-eluted upon column chromatography. I Hand 
Be NMR data indicated that the mixture contained no olefination product 143, as 
indicated by the absence of the signals in the expected region. 
Our efforts to afford the olefination product were thus unsuccessful. An alternative 
approach to facilitate the olefination reaction was therefore considered. N-acyl 
derivatives are amenable to the Wadsworth-Emmons reaction, so it seemed plausible 
that the N-acyl derivative of 130 would facilitate the olefination reaction. As we have 
already discussed the insertion of N-acyl aniline into triethyl diazophosphonoacetate 
does not provide a route to the required compound. It therefore appeared to us that we 
would be required to acylate triethyl N-(phenyl) aminophosphonoacetate 130. This was 
considered as a set back as our route towards N- aryl-dehydroaminophosphonoacetates 
would now involve an acylation step prior to the olefination with subsequent removal 
thereafter. We felt that this extra step was necessary and the reaction required 
investigation as it was a possible solution to the problems associated with the 
Wadsworth Emmons reaction. 
An extensive study was carried out to effect acylation of triethyl N-(phenylamino) 
phosphonoacetate 130, however all our efforts were unsuccessful. We did consider 
silylation would possibly provide a stabilising effect. The utilisation of silicon to 
stabilise a-anions is well documented. It therefore seemed possible that silylation of 
the amino nitrogen would permit the Wadsworth Emmons reaction and facilitate the 
preparation of the dehydroamino esters. 
Unfortunately, as with the acylation, the attempted silylation reactions failed to give any 
of the required compound. We therefore concluded our efforts at this time. 
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4.5 Insertion Reactions of Heterocycles with Triethyl diazophosphonoacetate 
During the course of our investigations into the N-H insertion reaction described above, 
we were interested in screening a variety of nitrogen heterocycles. We were interested 
to know whether the N-H bond of selected heterocyclic systems would insert into 
triethyl diazophosphonoacetate using rhodium catalysis. Aromatic heterocyclic systems 
are known to undergo C-H insertion and cyclopropanation reactions with 
metallocarbenoids, hence we were encouraged to discover whether the N-H insertion 
reaction would compete with, or predominate over the latter two carbenoid 
transformations. 
It was decided to investigate the insertion reaction of pyrrole, indole and carbazole with 
triethyl diazophosphonoacetate (Scheme 71). The reactions were carried out according 
to the method for the aniline insertion reactions described in Section 4.2. 
0 
" Et02Cy P(OEt)2 
N2 
121 
Pyrrole 
Rh2(0Ac)4. (2 mol%) 
toluene, reflux 
67% 
Rhz(OAc)4• (2mol %) 
145 
1 
Scheme71 
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NH 
144 
0 
" P(OEth 
146 
3 
Insertion of pyrrole afforded the product from C-H insertion exclusively in good yield. 
No products from the possible competing pathways affording the N-H insertion product 
or the cyclopropyl derivative were observed. Interestingly, when indole was utilised a 
mixture of products was obtained. The products from the insertion of indole were a 3: I 
inseparable mixture of the c3-H and N-H insertion products, respectively. Although 
cyclopropanation was not observed in either case the occurrence of the N-H insertion 
product from indole raises an interesting point. 
The C-H insertion reaction of aromatic systems is regarded as formally an electrophilic 
aromatic substitution reaction.116 In the case of pyrrole, this was observed as the 
exclusiveproduct. In the case of indole the N-H insertion reaction was also observed 
albeit in low yield. Another interesting observation was the reaction of carbazole with 
triethyl diazophosphonoacetate resulted in no insertion product whatsoever, only the 
quantitative recovery of the triethyl diazophosphonoacetate and carbazole. 
One possible explanation for the exclusive C-H insertion reaction seen with pyrrole is 
the electron rich or :n: excessive nature of the pyrrole ring having 6 electrons over a 5 
atom framework. As a consequence, pyrrole has a high degree of reactivity with 
electrophiles in the 2 position of the ring. The same classical arguments may be applied 
to the observation of the c3 substitution product with indole, since this product is 
derived from the more stable intermediate following the initial attack on the 
electrophile. The presence of the N-H insertion product may not be as clearly 
understood. Indole reacts with electrophiles through the C-3 position and also through 
the C-2 if the latter is blocked. The formation of the N-H insertion product may 
therefore be derived through a mechanism other than the classical electrophilic attack. 
One could postulate that the ani lines bearing an electron donating substituent could also 
have reacted on the aromatic ring and not through the N-H bond, as we have shown. 
The exact nature of the N-H product from the reaction of indole is therefore not clear, 
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but it does compete as an alternative pathway for the reaction with the rhodium 
carbenoid. 
4.6 Rhodium Carbenoids in the Synthesis of Peptides 
The amino acids hold a central role in all living organisms as the bonds that are formed 
by their respective condensation (peptide bonds) ultimately lead to peptides. Further 
elaboration of this amide bond forming process leads to proteins, compounds that are 
essential for life. Peptide bond formation and peptide chemistry itself has developed as 
a science in its own right. The importance of peptides and proteins in nature justifies 
the intense studies that have been under taken for the development of methods for their 
synthesis. 
A simple peptide arising from the condensation of 2 molecules of the amino acid 
glycine is shown in Scheme 72. 
H2NCH2C02H 
+ 
H2NCH2C02H 
2 molecules of 
glycine 
-H20 
Newly formed peptide bond 
+ ~I 
H3NCH2C-NHCH2C02-
glycylglycine (as a zwitterion) 
dipeptide 
Scheme 72 
The amino acids and the peptides formed from their condensation are amphoteric since 
the two functional groups in the amino acid are basic and acidic. As a result the amino 
acids and the peptides exist as zwitterions, as shown for the glycylglycine dipeptide 
Scheme 72 shows the condensation of the glycine amino acids by the reaction of the 
basic amino group of one molecule with the acidic group of another resulting in the 
formation of a new product, a dipeptide, by definition the new bond formed is an amide 
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or peptide bond. Normally one would need to activate the acidic functional group of 
one amino acid to facilitate the reaction with the amino moiety of the second. As a 
result of this, the carboxylic acid functionality is usually converted to an acid chloride 
or some activated ester to facilitate the bond forming reaction. Some common methods 
of amide bond formation between amino acids are shown in Scheme 73. For 
simplicity, only the reacting amino and carboxylate functional groups are shown. The 
other groups would be protected to prevent formation of undesired products. 
DCC* 
,... 
*DCC= o-N=C=N-o 
dicyclohexylcarbodiimide 
Scheme73 
N,N'- dicyclohexylurea 
1. 
2. 
Equation 1 in Scheme 73 shows the use of thionyl chloride or an anhydride to activate 
the carboxylic acid functional group prior to reacting with the amine. Equation 2 
shows the use of dicyclohexylcarbodiimide (DCC) which reacts with anN- protected 
carboxylic acid to form an acylisourea 147. 
0 NHR' 
11 I 
RC-0-C=NR' R' = cyclohexyl 
147 
R =aryl or alkyl · 
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The acylisourea then reacts with the N-protected amine to form the required peptide. 
All the methods of peptide formation occur through the generation of the amide bond. 
We were interested in utilising the N-H insertion reaction of rhodium carbenoids to 
form the peptide through an alternative bond forming reaction. Scheme 74 shows 
the synthesis of a peptide utilising the N-H insertion of an amino amide into triethyl 
diazophosphonoacetate 121 followed olefination and hydrogenation to yield the 
peptide. 
0
R1 R1 
HO HN 
NHBoc--.. 2 0 NHBoc 
0 0 
0 
" 
121 EtC02YP(OEth 
,... R1 
HN, A lf -NHBoc 
148 0 149 
1. Base I R2CHO 150 
2. H2 I catalyst 
151 
Scheme 74 
According to Scheme 74, our strategy would involve the preparation of an amino 
amide 149 from the corresponding carboxylic acid 148. Rhodium acetate catalysed 
insertion of the amino amide into triethyl diazophosphonoacetate 121 would afford the 
peptide precursor 150. Subsequent Wadsworth Emmons olefination would afford a 
series of dehydro aminoesters. The use of catalytic hydrogenation would then yield the 
required dipeptide 151 protected at the both the carbon and nitrogen termini. 
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For the purpose of our study we decided to use the amino ami des shown in Figure 12. 
QyNH, 
Cbz 
0 
N-Cbz (S)-prolinamide 
152117 
0 
N-Boc L- leucinamide 
155120 
BocNH JyN~ 
0 
N-Boc (S)-alaninamide 
153118 
0 
N-Boc (S)-valinamide 
156121 
Fignre 12 
CbzNH ~NH2 
0 
N-Cbz glycinamide 
154119 
I NH2 
CbzNH'Y 
0 
N-Cbz (S)-alaninamide 
157122 
Amino amides 152-157 were prepared from the N-protected amino acid by treatment 
with isobutyl or ethyl chloroformate followed by aqueous ammonia. The commercially 
available L-leucinamide hydrochloride was prepared as its free base by dissolving in 
acetonitrile-water (3:1) and treating with triethylamine. After stirring the solution for 2 
hours di -tert-butyl dicarbonate and a catalytic amount of 4-dimethyl aminopyridine was 
added and the solution allowed to stir for a further 2 hours. Evaporation of the 
acetonitrile and extraction of the aqueous with dichloromethane afforded the required 
amino amide as its tert-butoxycarbonyl protected free base. 
The amino ami des then underwent reaction with triethyl phosphonoacetate using the 
same procedure as for the aniline insertion (see section 4.2). The reactions were 
monitored by thin layer chromatography until consumption of the starting material was 
complete. The reaction mixtures were purified by column chromatography (ether/light 
petroleum) to afford the insertion products as off-white waxy solids. Analysis by I H 
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and Be NMR revealed the characteristic CH-P couplings at 5.1 ppm and 51 ppm 
respectively, indicative of the insertion products. The results from the insertion 
reactions are outlined below in Table 15. A general reaction procedure is outlined in 
Scheme75. 
Product 
158 
159 
160 
161 
162 
163 
R*CONH2 
Rhz(0Ac)4 (2 mol%) 
toluene, reflux 
80-90% 
Scheme 75 
R* 
N-Cbz (S)-Prolinvl 
N-Boc (S)-Alaninyl 
N-Cbz-Glycinyl 
N-Cbz (S)-Alaninvl 
N-Boc (S)-Valinvl 
N-Boc-L-Leucinvl 
Table 15 
Yield(%) 
80 
88 
81 
80 
80 
82 
From Table 15 it can be seen that the insertion reactions proceeded in excellent yield. 
The indicative CH-P signal as revealed in the lH NMR spectrum, occurred as a 
doubling up of the usual double doublet. This was presumably due to the addition of 
the chiral amino amide leading to the observation of diastereomers in the 1 H NMR. 
However, the signals integrated such that no diastereoselectivity was observed. This is 
expected if one considers that the methine proton a to phosphorous is epimerisable and 
will therefore lead to a 1:1 mixture of diastereomers. 
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4.7 Preparation ofDehydropeptides 
With the amino amides prepared, we were now interested to see whether manipulation 
of the phosphonate functionality would facilitate the preparation of a series of 
dehydroamino peptides. The Wadsworth Emmons reactions to prepare the 
dehydropeptides were carried out using the procedure of Schmidt and Griesser. 114b 
A general procedure involved taking a solution of the appropriate insertion product in 
anhydrous dichloromethane under an atmosphere of nitrogen. This was treated with 
DBU and the solution left to stir for 2 hours. The appropriate aldehyde was added and 
the reaction mixture was left to stir for a further 2 hours. Analysis of the reaction 
mixture by thin layer chromatography showed complete consumption of the starting 
material. Evaporation of the solvent and purification of the residue by column 
chromatography afforded the desired compound as a waxy, off white-solid. Initially, 
we examined the Wadsworth Emmons reactions of the insertion products with 
benzaldehyde and the results are given below in Table 16. The general reaction for the 
Wadsworth Emmons olefination is given in Scheme 76. 
1. DBU, CH2CI2 
2. PhCHO 
Scheme 76 
Product R* Yield(%) 
164 N Boc-(S)-Aianinyl 88 
165 N Cbz-Giycinyl 82 
166 NBoc- L-Leucinyl 88 
Table 16 
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Initial results using benzaldehyde afforded the dehydropeptides 164, 165 and 166 m 
excellent yields. Schmidt and Griesser had reported that the use of DBU in 
dichloromethane led to a diastereomeric excess of upto 98% for the Z-isomer.114b 
Examination of the 1 Hand 13c NMR did show that only one diastereomer had been 
produced during the reaction. Comparison of 1 H NMR data, to compounds reported by 
Schmidt, indicated that the products possessed the Z geometry about the double bond. 
Surprisingly the use of triethyl N-(Boc-(S)-valinyl) aminophosphonoacetate failed to 
give any of the required olefination product. The starting material was recovered in 
quantitative yield. 
We then decided to examine the use of other aldehydes to prepare a range of 
dehydroamino peptides. It was decided that as the L-leucinamide was commercially 
available as its hydrochloride then we should examine further Wadsworth Emmons 
reactions on the insertion product from the insertion of L-leucinamide i.e. triethyl-N 
{N'-[tert butoxycarbonyl]-L-leucinyl) aminophosphonoacetate 163. 
The Wadsworth Emmons reactions were carried out as previously reported. Having 
chosen the tert-butyloxycarbonylleucine as the N-terminus of the dehydropeptide it was 
decided to use the aldehydes shown in Scheme 77 to construct the C-terminus by the 
Wadsworth Emmons reaction. The results are given in Table 17. 
1. DBU, CH2Cl2 
2. R*CHO 
163 
Scheme 77 
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167 R * = 3-methyl butanyl 
168 R* = NJBoc-lndole-3-yl 
169 R* = 3,4-(BuMe2Si0)-C6H3 
Product Yield(%) 
167 82 
168 80 
169 82 
Table 17 
During the course of our investigations we attempted to effect the Wadsworth Emmons 
reaction using ketones. Unfortunately attempts to effect olefination using acetone gave 
only 15% of the desired product. The use of cyclohexanone failed to give any product 
at all and resulted in quantitative recovery of the starting material. Schmidt et al. had 
shown that ketones could be used to effect the Wadsworth Emmons reaction under the 
conditions described above, so these results were disappointing as the examples to date 
were all based on the use of aldehydes. Analysis of the 1 Hand Be NMR again 
showed the exclusive formation of the one diastereomer. Comparison of the data on the 
products to that reported suggested again that the Z-geometry was formed. 
It must be emphasised at this point that the geometry assignment has been placed on the 
NMR data available in the literature, and although the reported data for the E and Z 
isomers appears to be distinctive, this does by no means confirm the geometry beyond 
dispute. Current C-H coupling experiments are being undertaken to confirm the 
assigned geometry. 
Having prepared a series of dehydropeptides, we were keen to examine the reduction of 
the double bond to afford the peptides. It was decided to reduce the double bond by 
catalytic hydrogenation. The dehydropeptide 167, N-Boc-Leu-~-Leu-ethyl ester, was 
therefore subjected to a series of catalytic hydrogenations. Initially we attempted to 
achieve reduction by using 10% palladium on charcoal. This failed to provide any of 
the required peptide. We then used Pearlman's catalyst, (10%Pd(OH)2) on charcoal 
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and this was also unsuccessful in effecting reduction of the dehydropeptide. We finally 
achieved quantitative reduction of the double bond using I 0% platinum oxide on 
charcoal, as shown in Scheme 78. 
167 
IO%Pt02, EtOH 
H2 40psi 
100% 
Scheme78 
170 
Having successfully effected reduction of the double bond, we had achieved the 
synthesis of peptides by the use of an N-H insertion into a rhodium carbenoid as the 
novel step in the synthesis. Unfortunately no diastereoselectivity was observed in the 
reduction step and therefore the product was prepared as a I: 1 mixture of diastereomers, 
as seen in the I H NMR spectra. As mentioned previously, a chiral catalyst would effect 
an asymmetric reduction to deliver the required peptide. 
4.8 Conclusion 
We have, during the course of this work, shown how the N-H insertion reaction of 
rhodium carbenoids can be utilised to prepare a range of important compounds. The 
preparation of N-acyl aminophosphonoacetates represents a short and general route to 
these compounds. The insertion reaction of ani lines afforded N-ary! 
aminophosphonoacetates, unfortunately we have been unable to carry out the desired 
olefination of these products. The final application, to the synthesis of peptides 
represents how the insertion of the N-H bond into rhodium carbenoids provides a 
general and high yielding route to a class of chemically and biologically important 
compounds. The utilisation of the N-H insertion reaction into diazo phosphonoacetates 
provides a useful method for the preparation of a range of N-substituted 
phosphonoacetates. We have shown that these can be further manipulated to provide 
access to a range of synthetically useful and important compounds. 
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ChapterS 
Experimental 
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5.1 General Information 
Commercially available solvents and reagents were used without further purification. 
Light petroleum ether refers to the fraction boiling between 40°C and 60°C and was 
distilled over calcium chloride. THF was distilled over sodium wire and sodium-
benzophenone and stored under nitrogen prior to use. Dichloromethane was distilled 
from phosphorous pentoxide. Other solvents used were bought as 'anhydrous grade' in 
sure seal bottles and stored under argon. 
Thin layer chromatographic analysis was performed using aluminium backed plates 
coated with Merck Kieselgel 60 GF254 grade silica. Plates were analysed at 254 nm 
and/or by staining with Iodine, potassium permanganate or molybdate dips and 
visualised by heating. Flash chromatography was performed by slurry packing the 
silica and loading of the compound was done as a solution in the eluting mixture. 
1 H, Be and 31 P NMR spectra were recorded using Bruker AC-250, AC-360, DPX-
400, WH-400 (SERC NMR Spectroscopy Centre, Warwick) and JEOL 270MHz 
instruments. I H NMR Spectra were referenced against tetramethylsilane at 0 ppm, 
deuterated chloroform at 7.265 ppm, or d6 dimethylsulfoxide at 2.1 ppm. Be NMR 
spectra were referenced against deuterated chloroform at 77 ppm. Signals were 
described as singlets (s), doublets (d), triplets (t), quartets (q) septets (s) and 
combinations thereof, e.g. double doublets (dd), etc. Low and high resolution mass 
spectra were recorded on a Kratos MS 80 and a VG Analytical ZAB-E instrument 
(SERC mass spectroscopy service, Swansea) respectively. Infra-red spectroscopy were 
measured in the range of 600-4000 cm-1 using a Nicolet FT -205 spectrometer, with 
internal calibration. Spectra were recorded as solutions in chloroform or thin films. 
Elemental analysis was carried out using a Perkin Elmer 2400 Elemental Analyser. 
Melting points were carried out on an Electrothermal digital point apparatus. Optical 
rotations were measured using an Optical Activity AA100 polarimeter. 
101 
5.2 Experimental for Chapter 2 
General procedure for the preparation of phthalate based ligands. 
A stirred solution of the appropriate alcohol (33 mmol) and the phthalic anhydride (5 g, 
33 mmol) in anhydrous dichloromethane (20 m!) was treated with Hunigs base (6.8 m!, 
33 mmol) and refluxed for 24 hours, evaporated, and the residue chromatographed on 
silica gel (ether/light petroleum) to give the title compound. 
(+)-Menthyl (2-carboxybenzoate) 62 86 
Colourless crystalline solid (40%), m.p. 109-109.5°C (ether/light petroleum); [a]o23 
+ 86.9 (c=1, CHCI3); (Found: C, 71.1; H, 8.1%. C13H2404 requires C, 71.0; H, 8.0 
%); vmax (CHCI3)/cm·1 3020, 1720, 1703 and 1228; OH (250 MHz; CDCI3) 7.91-7.89 
(IH, m, ArH), 7.66-7.64 (IH, m, ArH), 7.60-7.32 (2H, m, 2xArH), 5.00-4.93 (IH, dt, J 
10.9, 4.4 Hz, C02CH), 2.23-2.19 (IH, m, CH), 2.01-1.93 (IH, m, CH), 1.73-1.66 (2H, 
m, CH2), 1.65-1.42 (2H, m, 2xCH), 1.15-1.01 (2H, m, CH2), 0.99-0.85 (IH, m, 
CHCMe2), 0.92 (3H, d, J 6.5 Hz, Me), 0.89 (3H, d, J 6.9 Hz, Me) and 0.82 (3H, d, J 
6.9 Hz, Me); oc (63 MHz; CDCI3) 171.9, 167.6, 133.9, 132.0, 130.5, 129.8, 129.3, 
128.5, 75.9, 46.9, 40.1, 34.1, 31.3, 26.0, 23.2, 21.9, 20.7 and 16.0; m/z (El) 305 (MH+, 
6%), 167 (45), 149 (100), 138 (65), 123 (35), 104 (48), 95 (88) and 81 (75). 
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(-)-Menthyl (2-carboxybenzoate) 63 86 
White crystalline solid (40%), m.p. 109-109.5 °C (lit. ll1 °C) 125 (ether/light 
petroleum); [a]o23- 86.7 (c=l, CHC13); (Found: C, 71.0; H, 8.0%. C18H2404 
requires C, 71.0; H, 8.0%); Vmax (CH03)/cm-1 3025, 1719, 1704 and 1220; liH (250 
MHz; CDCl3) 7.93-7.90 (lH, m, ArH), 7.68-7.63 (lH, m, ArH), 7.61-7.33 (2H, m, 
2xArH), 5.00-4.93 (lH, dt, J 10.9, 4.3 Hz, CQzCH), 2.25-2.19 (lH, m, CH), 2.01-1.94 
(lH, m, CH), 1.72-1.67 (2H, m, CHz), 1.60-1.44 (2H, m, 2xCH), 1.14-1.08 (2H, m, 
CH2), 0.98-0.87 (1H, m, CHCMez). 0.93 (3H, d, J 6.5 Hz, Me), 0.89 (3H, d, J 6.9 Hz, 
Me) and 0.82 (3H, d, J 6.9 Hz, Me); lie (63 MHz; CDCl3) 171.7, 167.6, 133.8, 132.0, 
130.6, 129.9, 129.7, 128.6, 76.0, 46.9, 40.1, 34.1, 31.3, 26.0, 23.2, 21.9, 20.7 and 16.1; 
rn/z (El) 305 (MH+, 5%), 167 (lOO), 149 (92), 138 (38), 123 (18), 104 (20), 95 (74) 
and 81 (65). 
(- )-Bornyl (2-carboxybenzoate) 64 86,123-124 
White crystalline solid ( 42%), m.p. 110-111° C (lit. 112 ° C) 123 (ether/light petroleum); 
[a]o23 45.1 (c=l, CHCI3); (Found: C, 71.5; H, 7.4%. C I8H2204 requires C, 71.5; 
H, 7.3%); 
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vmax (CH03)/cm-1 3025, 1720, 1703 and 1212; <'>H (400 MHz; CDCl3) 7.94-7.93 
(lH, m, ArH), 7.75-7.72 (lH, m, ArH), 7.65-7.55 (2H, m, 2xArH), 5.15-5.14 (lH, m, 
CHC02), 2.52-2.47 (lH, m, CH), 1.96-1.94 (lH, m, CH), 1.73-1.71 (2H, m, CH2), 1.30 
(3H, m, 3xCH), 0.98 (3H, m, Me), 0.96 (3H, s, Me) and 0.94 (3H, s, Me); <'>C (lOO 
MHz; CDCl3) 172.2, 168.4, 133.6, 132.1, 130.9, 130.3, 129.9, 129.1, 82.2, 49.1, 48.0, 
45.0, 36.3, 28.1, 27.3, 19.8, 19.0 and 13.6; m/z (El) 302 (M+, 12%), 149 (100), I 10 
(31), 95 (97), 76 (25), 65 (28), 55 (25), 41 (53) and 27 (20). 
Cholesteryl (2-carboxybenzoate) 65 86 
0 
Colourless crystalline solid (39%), m.p. 161-162°C (ether/light petroleum); [a]o23 
-6.67 (c=l.9, CHCl3); (Found: C, 78.3; H, 9.4%. C35H5004 requires C, 78.6; H, 
9.4%); Vmax (CHCI3)/cm-1 3020, 1714, 1704 and 1222; <'>H (400 MHz; d6 DMSO) 
7.74-7.71 (lH, m, ArH), 7.61-7.59 (3H, m, 3xArH), 5.39-5.37 (lH, m, CH=C), 4.70-
4.62 (lH, m, C02CH), 2.50-2.49 (2H, m, 2xCH), 1.99-1.03 (33H, m, 33xCH, 
cholesterol), 0.84 (3H, d, J 1.9 Hz, Me), 0.83 (3H, d, J 1.9 Hz, Me), 0.66 (3H, s, Me); 
<'>c (lOO MHz; d6 DMSO) 168.3, 167.2, 139.6, 132.8, 132.7, 131.1, 130.9, 129.8, 
128.2, 122.3, 74.6, 56.2, 55.7, 49.5, 42.0, 39.3, 39.1, 37.4, 36.6, 36.3, 35.8, 35.3, 31.49, 
31.48, 27.9, 27.5, 27.1, 24.0, 23.3, 22.8, 22.5, 20.7, 19.1, 18.7, and 11.8; m/z (Cl) 557 
(MNa+, 16%), 431 (19), 409 (13), 393 (10), 369 (33), 227 (27), 205 (31), 189 (lOO), 
161 (23), 149 (43), 133 (32), 121 (31) and 105 (64). 
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( + )-1-(1-phenethyl) pyrrole 86, 126-129 
0 
N 
Mel''''''l ~Ph 
H 
A solution of ( +)-a-methylbenzylamine (5 g, 41 mmol) and 2,5 dimethoxy 
tetrahydrofuran (6.5 g, 49 mmol) in toluene (70 ml) and acetic acid (70 ml) was heated 
to reflux for 24 hours, evaporated and purified by column chromatography (ether/light 
petroleum) to give the title compound as a colourless oil (72% ), b.p. 100 ° C (3 mmHg), 
(lit. 106 °C) 127; [a]o23+ 5.1 °(C =1.0, CHC13); (Found: M+, 171.1048. CI2H 13N 
requires 171.1051); Vmax (CH03)/cm-l 3005,2979 and 1450; OH (250 MHz; CDCl3) 
7.44-7.35 (3H, m, 3xArH), 7.22-7.18 (2H, m, 2xArH), 6.88-6.86 (2H, m, 2xArH), 6.33-
6.31(2H, m, 2xArH), 5.37 (lH, q, 17.0 Hz, CH), 1.93 (3H, d, 17.0 Hz, Me); oc (63 
MHz; CDCl3) 143.9, 128.7, 127.5, 125.9, 119.5, 108.1, 58.1 and 22.2; m/z (El) 171 
(M+, 39%), 105 (100), 77 (22), 67 (54), 51 (12), 39 (11) and 27 (8). 
( + )-1-( 1-phenethyl)-2-trifluoroacetyl pyrrole 
~COCF, 
Me I' ,,,..I ~Ph 
H 
To a solution of 1-( + )-( a)-methylbenzyl pyrrole ( 1.7 g, 10 mmol) in dry 
tetrahydrofuran (40 ml) cooled to 0° C was added trifluoroacetic anhydride (5 g, 22 
mmol) dropwise over 15 minutes and the solution was stirred for I hour, evaporated, 
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and the residue chromatographed silica gel (ether/light petroleum) to give the title 
compound as a colourless oil (90% ), [ a]o25+ 96.9 (c=2.26, CHCI3); (Found: M+, 
267.0870. C14H 12F3NO requires 267.0870); Vmax (CHCI3)/cm-l 1663 and 1238; liH 
(400 MHz; CDCI3) 7.30-7.16 (5H, m, 5xArH), 7.16-7.14 (2H, m, 2xArH), 6.53 (IH, q, 
17.0 Hz, CH), 6.31-6.30 (IH, m, ArH) and 1.79 (3H, d, 17.0 Hz, Me); lie (100 MHz; 
CDCI3), 169.8( q, 135.1 Hz, 1C-F), 141.6, 131.0, 129.2, 127.8, 126.4, 125.0, 124.4, 
116.5 (q,1290 Hz 1 C-F), 110.6, 56.8 and 22.0; m/z (El) 267 (M+, 17%), 198 (4), 171 
(3), 154 (2), 105 (100), 77 (15), 67 (4), 51 (7) and 39 (5). 
( + )-1-( 1-phenethyl) pyrrole-2-carboxylic acid 66 86 
To a stirred sol uti on of 1-( +)-(a }-methylbenzyl -pyrrole (2-trifluoroacetate) (2 g, 7.5 
mmol) in dry dimethylformamide (200 m!) was added lithium hydroxide (0.86 g, 37 
mmol) and the solution was heated at 70° C for 8 hours, and evaporated to give a brown 
solid. This was recrystallised (ether/light petroleum) to give the title compound as a 
colourless solid (97%), m.p. 84-8-'C (ether/light petroleum); [a]o25+ 207.6 (c=0.62, 
CHCI3); (Found: C, 72.4; H, 6.1; N, 6.3%. C 13H13N02 requires C, 72.5; H, 6.1; N, 
6.5%); Vmax (CHCl3)/cm-1 1692 and 1221; 1iH (400 MHz; CDCI3) 7.30-7.22 (3H, m, 
3xArH), 7.15-7.12 (3H, m, 3xArH), 7.02-7.01 (lH, m, ArH), 6.55 (IH, q, 17.0 Hz, 
CH), 6.20-6.18 (IH, m, ArH) and 1.78 (3H, d, 17.0 Hz, Me); liC (100 MHz; CDCI3) 
166.2, 142.6, 128.9, 127.4, 126.8, 126.6, 121.4, 120.7, 108.9, 54.4 and 22.0; m/z (El) 
215 (M+, 14%), 198 (2), 171 (3), 154 (2), 105 (100), 93 (4), 77 (28), 67 (10), 51 (14) 
and 39 (7). 
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(- )-1-( 1-phenethyl) pyrrole-2-carboxylic acid 67 
[aJo25_ 2CJ7.6 (c=0.62, CHCl3) 
General procedure for the preparation of dirhodium(ll) catalysts 68-71 
The appropriate phthalate ligand (2.7 mmol) and rhodium acetate (0.23 mmol) were 
heated in the absence of solvent at 160 °C for 24 hours, evaporated and the residue 
chromatographed on silica gel (ether/light petroleum) to give the title compound as a 
green coloured solid. 
Dirhodium(ll) tetrakis-( +)-menthyl (2-carboxybenzoate) 68 86 
Green crystalline solid (71 %), m.p. 164-165°C; [a]o23+ 75.9 (c=0.22, CHCI3); 
(Found: M+, 1418.4539. C72H92016Rh2 requires 1418.4495); vmax (CH03)/cm-1 
1719, 1704 and 1209; OH (400 MHz; CDC13) 7.89-7.87 (!H, m, ArH), 7.54-7.52 (lH, 
m, ArH), 7.37-7.34 (2H, m, 2xArH), 4.57-4.51 (!H, dt, J 11, 4.4 Hz, C02CH), 2.05 
-2.01 (!H, m, CH), 1.92-1.86 (!H, m, CH), 1.61-1.57 (2H, m, CH2), 1.38-1.29 (!H, m, 
CH), 1.24-1.18 (!H, m, CH), 1.05-0.89 (2H, m, 2xCH), 0.82 (3H, d, 17.1 Hz, Me), 
0.80 (3H, d, J6.5 Hz, Me), 0.73 (3H, d, J7.1 Hz, Me) and 0.70 (lH, m, CH); oc (100 
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MHz; CDCI3) 187.2, 166.2, 136.2, 131.1, 130.1, 129.3, 129.1, 127.6, 75.1, 46.9, 40.2, 
34.1, 31.3, 26.1, 23.3, 21.9, 20.7 and 16.2; m/z (El) 1418 (M+, 8%), 849 (52), 701 (44), 
481 (98), 459 (98), 414 (100), 345 (84) and 282 (23). 
Dirhodium( ll) tetrakis-(-)-Menthyl (2-carboxybenzoate) 69 86 
Green crystalline solid (73%), m.p. 164-165 °C; [a]o23-75.8 (c=0.22, CHCI3); 
(Found: MH+, 1419.3634. C72H92016Rh2 requires 1419.3634); 
vmax (CHCI3)/cm-11719, 1702 and 1210; 1iH (400 MHz; CDCI3) 7.88-7.86 (lH, m, 
ArH), 7.54-7 52 (JH, m, ArH), 7.37-7.32 (2H, m, 2xArH), 4.57-4.51 (lH, dt, J 11, 4.4 
Hz, C02 CH), 2.05-2.02 (I H, m, CH), 1.90-1.88 ( lH, m, CH), 1.60-1.57 (2H, m, 
2xCH), 1.35-1.30 (1 H, m, CH), 1.25-1.20 (IH, m, CH), 0.96-0.88 (2H, m, 2xCH), 0.83 
(3H, d, J 7.1 Hz, Me), 0.81 (3H, d, J 6.5 Hz, Me), 0.73 (3H, d, J 6.9 Hz, Me) and 0.70 
(IH, m, CH); 1\c (100 MHz; CDCI3) 187.1 166.1, 135.3, 131.1, 130.1, 129.3, 129.1, 
127.6, 75.1, 46.9, 40.2, 34.1, 31.2, 26.1, 23.3, 21.9, 20.7 and 16.2; m/z (Cl) 1419 
(MH+, 100%), 1281 (9), 849 (81), 701 (17), 642 (7), 601 (6), 569 (10), 536(11), 479 
(9), 448 (24), 403 (23) and 345 (46). 
Dirhodium(ll) tetrakis-bornyl (2-carboxybenzoate) 70 86 
108 
Green crystalline solid (67%), m.p. 170°C (decomposed); [a]o23 -55.5 (c=0.2, 
CHCl3); (Found: M+, 1410.3826. e72H84016Rh2 requires 1410.3869); Vmax 
(CH03)/cm-1 2958, 1720, 1704 and 1408; bH (400 MHz; CDCl3) 7.91-7.89 (IH, m, 
ArH), 7.57-7.55 (lH, m, ArH), 7.37-7.34 (2H, m, 2xArH), 4.90-4.88 (IH, m, C02CH), 
2.18-2.14 (IH, m, CH), 1.95-1.89 (IH, m, CH), 1.67-1.58 (2H, m, CH2), 1.32-1.00 
(3H, m, 3xeH), 0.84-0.82 (9H, m, 3xMe); be (100 MHz; eoe13) 187.1, 166.9, 134.9, 
130.9, 130.3, 129.2, 127.2, 80.5, 65.8, 48.9, 47.7, 44.8, 36.4, 27.8, 27.2, 19.6, 18.9, and 
13.6; m/z (Cl) 1410 (M+, 52%), 1109 (7), 985 (9), 849 (100), 701(35), 448 (47), 403 
(52), and 345 (65). 
Dirhodium(ll) tetrakis-cholesteryl (2-carboxybenzoate) 71 86 
0 
Green crystalline solid (66%), m.p. 170°C (decomposed); [a]o25-60.5 (c=0.25, 
CHCl3); vmax (eHel3)/cm-11720, 1708 and 1209; bH (400 MHz; eoe13) 7.93-7.90 
(IH, m, ArH), 7.72-7.68 (lH, m, ArH), 7.62-7.55 (2H, m, 2xArH), 5.42-5.40 (IH, m, 
C=eH), 4.90-4.88 (1H, m, eo2eH) and 2.47-0.68 (41H, m, 41xeH, cholesterol); be 
(IOOMHz; eoe13) 187.1, 166.9, 139.8, 133.7, 131.8, 129.9, 129.5, 127.4, 122.3, 74.8, 
72.1, 56.7, 56.1, 50.1, 42.2, 39.7, 39.4, 37.7, 37.0, 36.4, 36.1, 35.7, 31.9, 31.8, 30.9, 
28.1, 27.9, 27.4, 24.4, 23.7, 22.7 22.4, 20.9, 19.1 and 18.6; 
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Dirhodium tetrakis ( + )-1-(1 -phenethyl) pyrrole-2-carboxylate 72 86 
A solution of N-(+ )-a -methylbenzyl-(pyrrole-2-carboxylate), (584 mg, 2.7 mmol) in 
chlorobenzene (60 m!) was treated with rhodium acetate (100 mg, 0.23 mmol) and 
refluxed for 24 hours. The solvent was removed, and the residue chromatographed on 
silica gel (ether/light petroleum) to give the title compound as a green solid (72%), 
m.p. 130°C (decomposed); [a]o25+333.3 (c=0.19, CHCI3); (Found: M+, 1062.1595 
C52H48N408Rh2 requires 1062.1582); vmax (CH03)/cm-l 1722, 1701 and 1293; oH 
(400 MHz; CDCI3) 6.95-6.92 (5H, m, 5xArH), 6.72-6.70 (lH, m, ArH, pyrrole), 6.65-
6.63 (lH, m, ArH, pyrrole), 6.25 (lH, q, J7.5 Hz, CH), 5.93-5.90 (lH, m, ArH, 
pyrrole) and 1.58 (3H, d, 17.5 Hz, Me); oc (100 MHz; CDCI3) 179.1, 142.7, 128.5, 
128.4, 128.2, 123.2, 117.7, 107.6, 108.9, 55.0 and 21.3; m/z (El) 1062 (M+, 31%), 546 
(44), 476 (5), 441 (14), 412 (4), 374 (13), 345 (4), 308 (21), 271 (7), 218 (6), 198 (12), 
156 (11) and 121 (11). 
The enantiomeric catalyst 73 was synthesised and gave identical spectra to 72, and 
afforded equal and opposite rotation. 
Q 
N C0:?) 4Rh2 
Ph''''~ 
H Me 
[a]o25 -333.3° (c=l, CHCI3) 
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Preparation of alkyl diazophenylacetaetes f57 
74. R =Et 
75. R =Me 
0 
A solution of phenylglyoxylic acid (13 mmol), and a catalytic amount of concentrated 
sulfuric acid in the appropriate anhydrous alcohol (50 ml) were heated to reflux for 6 
hours. The solvent was evaporated and the residue purified on silica gel (ether/ light 
petroleum) to afford the desired compound as a colourless oil (98% ). The product was 
analysed by 1 H NMR and then reacted as follows. To the phenylglyoxalate (14 mmol) 
in anhydrous toluene (100 ml) was added tosylhydrazide (14 mmol) and this was heated 
to reflux for 3 hours. The reaction was then cooled to ambient temperature, and 
triethylamine (28 mmol) was added and left to stir for 1 hour. The solvent was 
evaporated and the residue chromatographed (ether/light petroleum) to give the title 
compound as a deep coloured oil. 
Ethyl diazophenylacetate 74 89 
Yellow oil (90%),vmax (CHCl3)/cm-1 2089, 1698and 1220; liH (250 MHz, CDCl3) 
7.50-7.46 (2H, m, 2xArH), 7.40-7.36 (2H, m, 2xArH), 7.20-7.14 (IH, m, ArH), 4.33 
(2H, q, J 6.8 Hz, CH2) and 1.30 (3H, t, J 6.8 Hz, Me); lie (63 MHz; CDCl3), 165.4, 
128.8, 125.7, 125.5, 123.9, 60.9 and 14.4; mlz (El) 190 (M+, 3%), 118 (11), 104 (53), 
89 (9), 77 (47) and 28 (lOO). 
Methyl diazophenylacetate 75 89 
Red oil (90%), vmax (CHCI3)/cm-1 2092, 1701 and 1221; liH (250 MHz; CDCl3) 7.51-
7.50 (2H, m, 2xArH), 7.48-7.35 (IH, m, ArH), 7.19-7.16 (2H, m, 2xArH), 3.87 (3H, s, 
111 
Me); be (63 MHz; eoe13), 165.1, 128.9, 125.7, 125.1, 123.9, and 51.9; m/z (El) 176 
(M+, 11%), 149(4), 118(26), 105(81),89(19), 77(100)and28(97). 
Ethy/2-diazo-3-phenylpropanoate 76 88 
Ph OEt 
0 
To ethyl diazoacetate (3 g, 26 mmol) in anhydrous ether (50 ml) at 0 o e was added 
silver oxide (3.75 g, 79 mmol). The solution was stirred for3 hours. cooled to o'e and 
benzyl bromide was added dropwise and the solution left to stir for 24 hours. The 
solvent was evaporated, and the product was chromatographed on silica (ether/light 
petroleum) to afford the title compound as a yellow oil 2.4 g ( 42% ), 
vmax (eHel3)/cm·1 2088, 1685 and 1216; bH (250 MHz; eoe13) 7.34-7.23 (SH, m, 
SxArH), 4.25 (2H, q, 17.1 Hz, eH2), 3.64 (2H, s, eH2) and 1.29 (3H, t, J 7.1 Hz, Me); 
be (63 MHz; eoe13) 193.1, 137.3, 128.9, 128.4, 127.1, 60.8, 29.3 and 14.4; mlz (El) 
205 (MH+, 9%), 193 (15), 176 (23), 165 (5), 148 (7), 135 (29),118 (13), 105 (100), 91 
(62), 77 (47) and 28 (29). 
General procedure for the insertion of alcohols and thiols into diazo esters. 86 
A solution of the appropriate diazophenylacetate (0.57 mmol) and the alcohol or thiol 
(0.57 mmol) in anhydrous dichloromethane (2 ml) at room temperature was treated 
with the rhodium catalyst (2 mol%) in one portion and left to stir for 5 minutes. The 
solvent was evaporated and the residue chromatographed on silica gel (ether/light 
petroleum) to afford the title compound. 
112 
Insertion products derived from Methyl diazophenylacetate 86 
OR A _,OMe 
Ph"' ~~ 
0 
Methyl 2-methoxyphenylacetate 79 
79. R =Me 
80. R =;Pr 
103. R = (S)-5Bu 
104. R = S-( + )phenethyl 
106. R = (-)menthyl 
Colourless oill10 mg (91%), (Found: M+, 180.0791. C10H 1203 requires 180.0786); 
vmax (CH03)/cm-11749 and 1197; liH (250 MHz; CDCI3) 7.43-7.35 (5H, m, 5xArH), 
4.78 (IH, s, CH), 3.72 (3H, s, OMe) and 3.41 (3H, s, Me); liC (63 MHz; CDCI3) 172.1, 
139.1, 128.7, 128.6, 127.1,82.4,57.2and52.1; m/z (El) 180(M+,2%), 121 (100), 105 
(17), 91 (22), 77 (41), 63 (5), 51 (12) 39 (6) and 29 (7). 
Methyl2-isopropoxyphenylacetate 80 
Colourless oil (92% ), (Found: C, 69.0; H, 7.7%. C J2H 1603 requires C, 69.2; H, 
7.7%); v max (CHCI3)/cm-l 1749 and 1221; liH (250 MHz; CDCI3) 7.45-7.44 (2H, m, 
2xArH), 7.36-7.32 (3H, m, 3xArH), 4.99 (IH, s, CH), 3.70-3.68 (4H, m, Me, CH), 1.25 
(3H, d, 16.2 Hz, Me) and 1.23 (3H, d, 16.2 Hz, 2xMe); liC (63 MHz; CDCI3) 171.9, 
137.2, 128.5, 128.4, 127.1, 78.4, 70.9, 52.1, 22.1 and 21.7; m/z (El) 208 (M+, 3%), 149 
(81), 121 (12), 107 (100), 91 (10), 84 (5), 79 (50), 51 (11), 43 (14) and 27 (8). 
Methyl 2-isopropylthiophenylacetate 
S'Pr A _,OMe 
Ph"' ~~ 
0 
Colourless oil (90%), (Found: M+, 224.0881. C12H J6S02 requires 224.0871); Vmax 
(CHC13)/cm-1 1737 and 1236; liH (250 MHz; CDCI3) 7.50-7.46 (2H, m, 2xArH), 7.35 
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-7.32 (3H, m, 3xArH), 4.66 (IH, s, CH), 3.74-3.73 (3H, m, OMe), 2.90 (IH, sept, J 6.0 
Hz), 1.28 (3H, d, J 6.0 Hz, Me) and 1.25 (3H, d, J 6.0 Hz, Me); bC (63 MHz; CDCI3) 
171.9, 137. I, 128.6, 128.4, 128.0, 52.6, 51.3, 35.6, 23.1 and 23.0; m/z (El) 224 (M+, 
3%) 165 (83), 150 (91), 123 (100), 105 (8), 91 (21), 77 (22), 63 (8), 59 (12), 51 (9), 45 
(40) and 27 (11). 
Methy/2-(S)-secbutoxyphenylacetate 103 
Colourless oil (90%) as a mixture of diastereomers (20% d.e.), (Found: MH+, 
222.1256. C13H !803 requires 222.0986); Vmax (CH03)/cm-l 1732 and 1209; bH 
(250 MHz; CDCI3) Major Diastereomer, 7.50-7.45 (5H, m, 5xArH), 5.02 (IH, s, CH), 
3.69 (3H, s, OMe), 3.50-3.47 (IH, m, OCH), 1.75-1.37 (2H, m, CH2), 1.15 (3H, d, J 
6.2 Hz, Me) and 0.97 (3H, t, J 7.5 Hz, Me); be (63 MHz; CDCI3) 172. I, 137.4, 128.4, 
127.2, 127.0, 78.5, 76.5, 52.0, 29.2, 19.1 and 9.7; m/z (El) 222 (M+, 5%) 163 (61), 
149 (35), 121 (22), 107 (100), 91 (16), 79 (50), 57 (19), 51 (15), 41 (24) and 29 (21). 
Minor diastereomer: bH (250 MHz; CDCI3) 4.99 (IH, s, CH), 1.21 (3H, d, J 6.1 Hz, 
Me), 0.86 (3H, d, 17.5 Hz, Me); bC (250 MHz; CDCI3), 137.3, 78.7, 52.1 and 9.8. 
Insertion reaction into diazo ester 75 carried out using (R)-sec-butanol gave an equal 
and opposite diastereoselectivity of 20%. 
Methy/2-(S)-phenethoxyphenylacetate 104 
Colourless oil (91 %) as a mixture of diastereomers (10% d.e.), (Found: M+, 270.1256 
Ci7Hi803 requires 270.1256); Vmax (CH03)/cm-1 1753 and1208; 
Major diastereomer, bH (360 MHz; CDCI3) 7.49-7.35 (!OH, m, !OxArH), 4.83 (IH, s, 
CH), 4.41 (IH, q, J 6.5 Hz, CH), 3.80 (3H, s, OMe) and 1.64 (3H, d, J 6.5 Hz, Me); bC 
(100 MHz; CDCI3) 172.4, 142.8, 137.2, 129.1, 129.0, 128.8, 128.0, 127.0, 126.8, 78.5, 
76.1, 52.5, and 24.4; mlz (El) 270 (M+, 4%), 21 I (30), 167 (24), !50 (12), 121(11), 
105 (100), 91 (5) and 77 (30). 
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Minor diastereomer, bH (360 MHz; CDCl3) 7.49-7.35 (I OH, m, 10xArH), 4.86 (IH, s, 
CH), 4.72 (IH, q, J 6.5 Hz, CH), 3.69 (3H, s, OMe) and 1.57 (3H, d, J 6.5 Hz, Me); be 
(100 MHz; CDCl3) 171.4, 143.1, 137.1, 129.0, 128.9, 128.7, 128.3, 128.2, 127.5, 77.9, 
77.2, 52.5 and 24.6. 
(R)-(+)-phenethyl alcohol gave equal and opposite selectivity to that observed in 104 
Methyl2-( + )-menthyloxy phenylacetate 107 
Colourless oil (86%) as a mixture of diastereomers (60% d.e.), (Found: M+, 304.2000. 
C 19H2803 requires 304.2038); Vmax (CHC13)/cm-11745 ; Major diastereomer: bH 
(400 MHz; CDCl3) 7.41-7.38 (2H, m, 2xArCH), 7.29-7.22 (3H, m, 3xArCH), 5.02 (IH, 
s, CH), 3.62 (3H, s, OMe), 3.22 (IH, ddd, J 14.4, 10.4, 4.0 Hz, OCH), 2.43-2.40 (lH, 
m, CH), 1.98-1.95 (lH, m, CH), 1.58-1.57 (2H, m, 2xCH), 1.31-1.30 (lH, m, CH), 
1.28-1.24 (2H, m, 2xCH), 0.92-0.88 (lH, m, CH), 0.81-0.79 (3H, d, j 8.8 Hz, Me), 
0.80-0.79 (1H, m, CH), 0.80-0.78 (3H, d, J 8.8 Hz, Me) and 0.77-0.75 (3H, d, !9.2 Hz, 
Me); be (400 MHz; CDCl3) 172.4, 138.1, 128.7, 128.7, 127.4, 78.9, 78.5, 52.4, 48.9, 
40.6, 34.8, 31.9, 25.6, 23.5, 22.7, 21.6 and 16.5; m/z (El) 304 (M+, 3%), 167 (58), 149 
(22), 139 (98), 121 (22), 107 (72), 83 (100), 69 (48) and 55 (49). 
Minor diastereomer, bH (400 MHz; CDCl3) 4.91 (IH, s, CH), 3.71 (3H, s, OMe), 3.12 
(IH, ddd, J 14.7, 10.8, 4.3 Hz, CH), 2.29-2.25 (IH, m, CH), 2.13-2.06 (IH, m, CH), 
1.62-1.57 (2H, m, 2xCH), 1.39-1.30 (2H, m, 2xCH), 0.97-0.94 (lH, m, CH), 0.89-0.87 
(3H, d, J8.2 Hz, Me), 0.87-0.86 (lH, m, CH), 0.86-0.84 (3H, d, J 8.2 Hz, Me) and 
0.46-0.44 (3H, d, J 8.2 Hz, Me). 
(-)Menthol was found to give equal and opposite diastereoselectivity. 
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Insertion reactions into Ethyl diazophenylacetates 
Insertion reactions carried out as for Methyl diazophenylacetate. 
OR A __..OEt 
Ph- ~~ 
0 
Ethyl 2-methoxyphenylacetate 81 
81 R=Me 
82 R=;Pr 
Colourless oil (93%), (Found: M+, 194.0938. CnH 1403 requires 194.0943); Vmax 
(CHCl3)/cm-l 1744 and 1189; liH (250 MHz; CDCl3) 7.47-7.43 (2H, m, 2xArH), 7.39 
-7.34 (3H, m, 3xArH), 4.76 (IH, s, CH), 4.22-4.10 (2H, m, CH2), 3.42 (3H, s, OMe) 
and 1.26-1.20 (3H, m, Me); liC (63 MHz; CDCl3) 171.1, 136.5, 128.5, 127.1, 126.6, 
82.6, 61.2, 57.2 and 14.0; m/z (El) 194 (M+, 2% ), 121 (100), 105 (15), 91 (14), 84 (3), 
77 (32), 51 (9) 44 (5) and 29 (7). 
Ethyl-2-isopropoxyphenylacetate 82 
Colourless oil (94%), (Found: M+, 222.1256. C13H 1803 requires 222.1256); Vmax 
(CHCl3)/cm-l 1744 and 1217; liH (250 MHz; CDCI3) 7.48-7.45 (2H, m, 2xArH), 7.37 
-7.30 (3H, m, 3xArH), 4.97 (IH, s, CH), 4.20-4.13 (2H, m, CH2), 3.68 (IH, sept. 16.0 
Hz, CH), 1.26-1.24 (3H, t, 16.2 Hz, Me) and 1.21-1.18 (6H, d, J6.2 Hz, 2xMe); 
lie (63 MHz; CDCI3) 171.5, 137.8, 128.4, 128.3, 127.0, 78.5, 70.9, 61.1, 22.0, 21.9 and 
14.0 m/z (El) 222 (M+, I%), 163 (5), 149 ( 40), 121 (8), 107 (1 00), 91 (7), 84 (12), 79 
(35), 51 (6), 43 (13) and 27 (10). 
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Insertion reactions into Ethyl-2-diazo-3-phenylpropanoate, 76.89 
Reactions carried out as for Methyl diazophenylacetate. 
OR 
0 
Ethyl2-methoxy-3-phenylpropanoate 83 
OEt 
83 R=Me 
84 R=iPt 
Colourless oil (94%), (Found: M+, 208.1178. C12H 1603 requires 208.1178); Vmax 
(CHC13)/cm-1 1736 and 1207; bH (250 MHz; CDCl3) 7.39-7.19 (5H, m, 5xArH), 4.16-
4.15 (2H, m, CH2), 3.95 (IH, dd, 17.5, 5Hz, CH), 3.36 (3H, s, OCH3), 3.04-3.02 (2H, 
m, CH2), 1.23 (3H, t, 17.5 Hz, Me) ; bC (63 MHz; CDCl3) 172.1, 136.9, 129.3, 128.4, 
126.7, 81.8, 60.9, 58.3, 39.2 and 14.2; m/z (El) 208 (M+, 10%), 176 (15), 148 (13), 
135 (71), 105 (36), 91 (100) and 77 (18). 
Ethyl-2-isopropoxy-3-phenylpropanoate 84 
Colourless oil (89%), (Found: M+, 236.1410. C14H2003 requires 236.1412); Vmax 
(CHC13)/cm-1 1726 and 1217; bH (250 MHz; CDCl3) 7.37-7.20 (5H, m, 5xArH), 4.14-
4.12 (2H, d, J7.5Hz, CH2), 3.93 (IH, dd, 17.5, 5Hz, CH), 3.61 (IH, m, CHMe2), 
3.05-3.02 (2H, m, CH2), 1.25 (3H, t, 17.5 Hz, Me) and 1.23-1.21 (6H, m, 2xMe); be 
(63 MHz; CDCl3) 172.2, 136.7, 129.4, 128.4, 126.8, 78.8, 71.9, 61.3, 39.1, 22,21.9 and 
14.2; mlz (EI) 236 (M+, 12%), 176 (12), 148 (15), 105 (31), 91 (100) and 77 (18). 
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Intramolecular 0-H insertion reactions 
Preparation of 2-hydroxyethy/2-diazo-phenylpentanoate 92 
0 
Ph00~0H 
N2 
To the appropriate acid chloride (6 mmol) in dichloromethane was added ethylene 
glycol (6.6 mmol) and the reaction mixture was stirred for 30 minutes. To this solution 
was added triethylamine ( 14 m mol) and the reaction mixture was stirred for a further 
2hours. Evaporation of the solvent and purification of the residue by chromatography 
on silica gel (ether/light petroleum) afforded the title compound as a colourless oil 
(80%), (Found: M+, 206.0688. C!OH JON203 requires 206.0691); 
Vmax (CHCl3)/cm-l 3608,2088, 1701 and 1215; llH(250 MHz; CDCl3) 7.50-7.46 (2H, 
m, 2xArH), 7.43-7.37 (2H, m, 2xArH), 7.26-7.17 (IH, m, ArH), 4.45-4.42 (2H, m, 
CH2), 3.94-3.88 (2H, m, CH2); llC (63 MHz; CDCl3) 166.0, 129.4, 126.3, 125.7, 
124.5, 67.6 and 61.0; mlz (El) 206 (M+, 4%), 105 (100) and 77 (53). 
3-phenyl-1,4-dioxane-2-one 93 
0 
Ph~0 
0~ 
To a solution of the rhodium catalyst (2 mol%) in dichloromethane was added 92 
(I m mol) dropwise by syringe pump addition over 8 hours. The reaction was left to stir 
overnight and after removal of the solvent the residue is chromatographed to afford the 
desired compound as a colourless oil (25%), (Found: MNH4+, 196.0982. CJOH J4N03 
requires 196.0974); Vmax (CHCl3)/cm-l 1720 and 1210; llH (250 MHz; CDCl3) 7.46-
118 
7.32 (5H, m, 5xArH), 5.23 (IH, s, Ph CH), 4.30-4.25 (2H, m, CH2), 3.78-3.73 (2H, m, 
CH2); liC (63 MHz; CDCI3) 176.1, 134.9, 128.6, 128.5, 126.4, 72.7, 67.3 and 60.6; m/z 
(Cl) 196 (MNH4+, 100%). 
Insertion reactions of Nitrogen nucleophiles into Methyl diazophenylacetate. 
Methyl 2 -( diethylamino )phenylacetate 94 94b 
.Jt2 _,OMe 
Ph...- ~~ 
0 
Methyl diazophenylacetate 79 (200 mg, 1.14 mmol) and diethylamine (83 mg, 1.14 
mmol) were dissolved in toluene (5 ml) and rhodium acetate (2 mol%) was added, and 
the mixture was heated to reflux for 12 hours. The solvent was removed in vacuo to 
afford a brown oil. Purification by flash chromatography (ether/light petroluem) 
afforded the title compound as a colourless oil (168 mg, 67%), (Found: M+, 221.1416. 
C13H19NOz requires 221.1417); Vmax (CHCI3)/cm-l 1740 and 1202; liH (400 MHz; 
CDCI3) 7.44-7.43 (2H, m, 2xArH), 7.33-7.28 (3H, m, 3xArH), 4.49 (IH, s, CH), 3.70 
(3H, s, OMe), 2.65-2.60 (4H, m, 2xCHz), and 1.01-0.98 (6H, t, J 6.7 Hz, Me); lie (100 
MHz; CDCI3) 173.6, 137.1, 129.3, 128.7, 127.6, 69.3, 51.7, 43.7 and 12.0; m/z (El) 
221 (M+, 4%), 162 (100), 146 (5), 134 (10), 121 (9), 105 (19), 91 (17) and 77 (22). 
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96. R= BnOCO 
97. R = p-Me0C6H4 
98. R=;BuCO 
109. R = (S)-CHPhC02Me 
\Methy/2-(benzyloxycarbonylamino)phenylacetate 9694c 
A stirred solution of methyl diazophenylacetate (200 mg, 1.13 mmol) and benzyl 
carbamate (343 mg, 2.3 mmol) in dry dichloromethane (5 ml) was treated with 
rhodium(II) acetate (2 mol%). The mixture was stirred at room temperature for 24 
hours, evaporated, and the residue chromatographed on silica gel (light petroleum/ether) 
to give the title compound(251 mg, 74%) as a colourless crystalline solid, m.p. 74-
750C; (Found: M+, 299.1162. C17H17N04requires 299.1158); Vmax (CHCI3)/cm·l 
3368, 1745, 1710, 1514 and 1215; liH (400 MHz; CDCI3) 7.39-7.34 (10 H, m, 
10xArH), 5.90 (I H, br d, J6.0 Hz, exch D20, NH), 5.42 (I H, d, 17.2 Hz, CH), 5.13 (2 
H, d, J 6.8 Hz, OCH2), and 3.75 (3 H, s, OMe); lie (100 MHz; CDCI3) 172.6, 156.7, 
137.9, 137.5, 130.3, 130.0, 129.9, 129.8, 129.4, 128.5, 68.4, 59.3, and 54.1; mlz (El) 
299(M+, 1%),240(29), 196(20), 164(3), 132(6), 104(8),91 (100), 77(11),65(10), 
and 51 (7). 
Methyl 2-( 4-methoxy phenylamino )phenylacetate 97 94d 
A stirred solution of methyl diazophenylacetate (200 mg, 1.13 mmol) and 
4-methoxyaniline (280 mg, 2.3 mmol) in dry dichloromethane (5 ml) was treated with 
rhodium(ll) acetate (2 mol%). The mixture was heated under reflux for 12hours, 
evaporated, and the residue chromatographed on silica gel (ether/light petroleum) to 
give the title compound (243 mg, 79%) as a colourless crystalline solid, m.p. 107-
108°C, (Found: M+, 271.1212. C15H 17N0:3 requires 271.1208); Vmax (CHCI3)/cm·l 
3405, 1736, 1513, and 1238; liH (360 MHz; CDCI3) 7.50-7.49 (2 H, m, 2xArH), 7.47-
7.28 (3H, m, 3xArH), 6.72 (2H, d, J 6.8 Hz, 2xArH), 6.53 (2H, d, J 6.8 Hz, 2xArH), 
5.02 (IH, s, CH), 3.72 (3H, s, OMe), and 3.71 (3H, s, OMe); lie (63 MHz; CDCI3) 
120 
172.5, 152.5, 140.2, 137.8, 128.8, 128.2, 127.2, 114.8, 114.7, 61.6, 55.6 and 52.6; m/z 
(El) 271 (M+, 20%), 212 (100), 196 (8), 168 (9), 151 (5), 134 (8), 122 (7), 107 (6), 91 
(7), 77 (11), 64 (6), 51(6), and 39 (4). 
Methyl 2-( 3-methylbutanoylamino )phenylacetate 98 
A stirred solution of methyl diazophenylacetate (200 mg, 1.13 mmol) and 
isovaleramide (230 mg, 2.3 mmol) in dry dichloromethane (5 ml) was treated with 
rhodium(II) acetate (2 mol%). The mixture was stirred at room temperature for 24 
hours, evaporated, and the residue chromatographed on silica gel (light 
petroleurnlether) to give the title compound(235 mg, 83%) as a colourless crystalline 
solid, m.p. 106-107°C; (Found: M+, 249.1365. C14H 19N0:3 requires 249.1365); Vmax 
(CHCI3)/cm-13271, 2956, 1747, 1690 and 1262; ()H (400 MHz; CDCl3) 7.29-7.23 (5H, 
m, 5xArH), 6.43 (IH, br d, 16.4 Hz, exch DzO, NH), 5.52 (lH, d, 17.2 Hz, CH), 3.64 
(3H, s, OMe), 2.01-2.05 (3H, m, CHCHz), 0.89 (3H, d, 16.5 Hz, Me) and 0.84 (3H, d, 
16.5 Hz, Me); be (100 MHz; CDCl3) 170.3, 170.0, 135.1, 128.4, 127.4, 126.9, 54.7, 
51.2, 44.0, 24.5, 20.7, and 20.4; m/z (El) 250 (MH+, 15%), 217 (6), 190 (36), 164 (40), 
149 (8), 121 (9), 106 (lOO), 85 (9), 77 (12), 57 (23), 51 (4), and 41(16). 
Methyl2- [( 1-S-phenylethyl)amino]phenylacetate 108 
Methyl diazophenylacetate 79 (300 mg, 1.70 mmol) and (S)-1-phenylethylamine (206 
mg, 1.70 mmol) were dissolved in toluene (5 ml) and rhodium acetate (2 mol%) was 
added, and the mixture was heated to reflux for 12 hours. The solvent was removed in 
vacuo to yield an orange oil. Purification by flash chromatography (ether/light 
petroleum) afforded the title compound as a colourless oil (293 mg, 64% ), as a mixture 
of diastereomers (10% d.e.). The faster running diastereomer was obtained pure 
whereas the lower running diastereomer contained a trace impurity that could not be 
removed. (Found: M+ 269.1403. C17H 19N02 requires 269.1415); Vmax (CHCI3)/cm-l 
2955, 1737 and 1206; ()H (400 MHz; CDCI3) (Faster running diastereomer) 7.33-7.29 
(!OH, m, lOxArH), 4.22 (IH, s, CH), 3.79 (lH, q, 16.5 Hz, CHMe), 3.70 (3H, s, OM e) 
121 
and 1.38 (3H, d, J 6.5 Hz, Me), lie (100 MHz; CDCl3) 172.5, 144.8, 138.5, 128.2, 
128.0, 127.7, 127.4, 127.2, 126.9, 62.9, 56.7, 52.2 and 24.6; mlz (El) 270 (MH+, 
100%), 254 (6), 210 (97), 194 (11), 166 (12), 149 (8), 121 (19), 105 (88), 91 (12) and 
77 (20). 
The lower diastereomer shows the following signals: liH (400 MHz; CDCl3) 4.19 (1 H, 
s, CH), 3.59 (3 H, s, OMe), 3.54 (1 H, q, J 6.4 Hz, CH) and 1.33 (3 H, d, J 6.4Hz, Me); 
lie (lOO MHz; CDCl3) 174.2, 144.6, 138.4, 128.7, 128.5, 128.4, 127.9, 127.6, 126.9, 
62.9, 52.0, 50.4, and 24.4. 
Methyl 2- [( 1-S-methoxycarbonyl-2-phenylethyl )amino ]phenylacetate 109 
Methyl diazophenylacetate 75 (200 mg, 1.14 mmol) and (S)-(-)-phenylalanine methyl 
ester (238 mg, 1.14 mmol) were dissolved in toluene (5 m!) and rhodium acetate 
2mol% was added and the mixture was heated to reflux for 12 hours. The solvent was 
removed in vacuo to afford a yellow oil. Purification by column chromatography 
(ether/light petroleum) afforded the title compound as a colourless oil as a 1:1 mixture 
of diastereomers (264 mg, 71% ), (Found: MH+, 328.1549. C19H22N04 requires 
328.1549); Vmax (CH03)/cm-l 2952 1738, 1732 and 1203; liH (400 MHz; CDCl3) 
7.30-7.12 (!OH, m, !OxArH), 4.37 (IH, s, CH), 3.65 (3H, s, OMe), 3.60 (3H, s, OMe), 
3.31-3.30 (IH, m, CH), 3.01-3.00 (2H, m, CH2) and 2.72 (IH, br s, exch D20, NH); lie 
(100 MHz; CDCl3) 175.2, 173.5, 138.1, 138.3, 130.2, 129.5 129.4, 128.8, 127.7, 127.6, 
61.4, 60.6, 53.0, 52.6, and 40.5; mlz (Cl) 328 (MH+, 100%). 
Preparation ofTrans-( + )-2-phenylcyclohexyl 2-methoxyphenylacetate 102 60 
122 
A stirred solution of the diazo compound 101 (100 mg, 0.31 mmol), and methanol (10 
mg, 0.31 mmol) in anhydrous dichloromethane at room temperature is treated with the 
rhodium catalyst (2 mol%) and the reaction stirred for 5 minutes. The solvent is 
removed in vaccuo and the residue chromatographed on silica gel (ether/light 
petroleum) to give the title compound as a colourless oil (87%), (16% diastereomeric 
excess), (Found: M+, 324.1745. C21H2403 requires 324.1725); Vmax (CH03)/cm-1 
1722 and 1257; Major Diastereomer, iiH (250 MHz; CDCI3) 7.27-7.04 (IOH, m, 
IOxArH), 5.15-5.05 (IH, m, CH C02Me), 4.46 (IH, s, CHOMe), 3.10 (3H, s, OMe), 
2.70-2.65 (IH, m, PhCH) and 2.25-0.87 (SH, m, SxCH, cyclohexyl); lie (63 MHz; 
CDCI3) 170.1, 142.8, 135.9, 128.3, 128.2, 127.5, 127.2, 126.6, 126.2, 82.5, 76.7, 57.0, 
49.6, 33.9, 31.8, 25.7 and 24.5; mlz (El) 324 (M+, 2%), 255 (15), !58 (10), 130 (8), 
121 (100), 91 (42), 77 (21), 65 (4), 51 (13), 39 (8) and 31(12). 
Minor Diastereomer, OH (250 MHz; CDCI3) 7.25-7.02 (!OH, m, !OxArH), 5.16-5.07 
(IH, m, CH CQzMe), 4.54 (IH, s, CHOMe), 3.14 ( 3H, s, OMe), 2.72-2.66 (IH, m, 
PhC.!:ll and 2.25-0.87 (SH, m, SxCH, cyclohexyl); oc (63 MHz; CDCI3) 161.9, 142.3, 
136.1, !28.3, 128.2, 128.0, 127.1, 126.9, 126.4, 82.6, 77.5, 57.1, 49.5, 34.3, 32.2, 25.6 
and24.6. 
Preparation of Ethyl ( 3-hydroxy-2-methylpropoxy) acetate 110 
Me (\o 
OH 0~0~ 
To a stirred solution of ethyl diazoacetate (300 mg, 2.63 mmol) and the rhodium 
catalyst (2 mol%) in dry dichloromethane (2 ml), under nitrogen was added 2-methyl-1, 
3 propanediol (5.26 mmol). The reaction mixture was stirred for 10 minutes evaporated 
123 
and purified by column chromatography on silica gel (ether/light petroleum) to afford 
the title compound as a colourless oil (80%), (Found: M+, 176.1047. C3H 1604 
requires 176.1049); Vmax (CHC13)/cm-l 3452,2935, 1758 and 1216; liH (2.50 MHz; 
CDCl3) 4.23 (2H, q, 17.5 Hz, OCH2), 4.07 (2H, s, CH2), 3.62 (2H, dd, J 8.7 CH-OH, 
4.5 Hz CH.(:!:!), 3.44 (2H, dd, J 7.5, 1.3 Hz, CH2CH), 2.90 (IH, br s, OH), 2.03-2.01 
(IH, m, CH), 1.30 (3H, t, 17.5 Hz, Me) and 0.91(3H, d, 17.5 Hz, Me); lie (63 MHz; 
CDCl3) 170.8, 74.4, 67.8, 65.1, 60.6, 35.5, 13.8 and 13.2; mlz (El) 194 (MH+, 100%), 
177 (48), 159 (2), 148 (7), 124 (3), 108 (2), 94 (1), 88 (2) and 72 (2). 
Preparation of Methyl 2-(phenyldimethylsilyl )phenylacetate 111 91 
A solution of methyl diazophenylacetate 75 (200 mg, 1.1 mmol) and phenyl 
dimethylsilane ( 1.50 mg, 1.1 mmol) in anhydrous dichloromethane (5 ml) at room 
temperature under nitrogen was treated with rhodium catalyst (2 mol%). The reaction 
was stirred for 5 minutes evaporated and chromatographed on silica gel (ether/light 
petroleum) to give the title compound as a colourless oil (88% ), (Found: M+, 
284.1238. C17H2002Si requires 284.1232); vmax (CHCl3)/cm-l 29.50, 1719 and 
1149; liH (360 MHz; CDCl3) 7.40-7.36 (6H, m, 6xArH), 7.22-7.20 (4H, m, 4xArH), 
3.60 (IH, s, PhCH), 3.55 (3H, s, C02Me), 0.33 (3H, s, SiMe) and 0.36 (3H, s, SiMe); 
liC (lOO MHz; CDCl3) 177.6, 140.1, 140.0, 138.1, 133.7, 132.5, 132.1, 132.0, 129.7, 
55.3, 50.1, .003 and -0.40; m/z (El) 284 (M+, 38%), 253 (8), 165 (4), 151(17), 135 
(68), 118 (100), 105 (11), 90 (22), 77 (6), 63 (5), 51(6), 43 (12) and 39(4). 
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5.3 Experimental for Chapter 3 
Bicyclo[3.J.O]hexan-l-one 113 97 
0 
A solution of the diazoketone 112 (1.5 mmol) in dichloromethane at room temperature 
is treated with the appropriate chiral catalyst (2 mol%) and allowed to stir for 2hours. 
Evaporation and purification by chromatography (ether/light petroleum) afforded the 
required bicyclic ketone as a colourless oil (62%), Vmax (CH03)/cm-1 2400 and 1721; 
liH (250 MHz; CDCl3) 2.06-2.03 (5H, m, 5xCH), 1.78-1.73 (IH, m, CH), 1.22-1.18 
(lH, m, lxCH) and 0.94-0.90 (lH, m, CH); liC (63 MHz; CDCl3) 167.1, 31.3, 27.4, 
22.6, 21.5 and 13.4; m/z (El) 96 (M+, 32%), 84 (4), 68 (8), 55 (100), 51 (5), 41 (32) 
and 39 (81). 
3-Phenylcyclopentanone 116 43 
0 
Ph 
The diazo compound 114 (I mmol) as a solution in anhydrous dichloromethane was 
treated with the appropriate rhodium catalyst (2 mol % ). The reaction mixture was left 
to stir for 2 hours. Removal of the solvent and purification of the residue by 
chromatography afforded the desired cyclopentanone 115. This was then 
decarboxylated to afford the product 116 as a colourless oil (66%), (Found: M+, 
160.0888. CuH 120 requires 160.0888); Vmax (CH03)/cm-l 2400 and 1737; liH (250 
125 
MHz; CDCl3) 7.38-7.24 (5H, m, 5xArH), 3.48-3.38 (IH, m, CH), 2.66-2.62 (IH, m, 
CH), 2.52-2.22 (4H, m, 4xCH) and 2.04-1.98 (IH, m, CH); liC (63 MHz; CDCl3) 
218.5, 143.6, 128.6, 127.4, 126.6, 45.7, 42.1, 38.8 and 31.1; mlz (El) 160 (M+, 99%), 
143 (9), 131 (10), 117 (40), 104 (100), 91 (24), 78 (15), 69 (6), 65 (7), 56 (20) and 52 
(5). 
Preparation of Methy/2-allyl-7-methyl-3-oxobenzo.furan-2-carboxylate 57 82 
A solution of the diazo compound 56 (100 mg, 0.37 mmol) in anhydrous 
dichloromethane (5 ml) was treated with the rhodium catalyst (2mol%). The reaction 
mixture was refluxed under nitrogen for 2 hours, evaporated and chromatographed on 
silica gel (ether/light petroleum) to give the title compound as a colourless oil (82%), 
(Found M+, 246.0884. C14H 1404 requires 246.0892); Vmax (CH03)/cm-11754 and 
1723; liH (250 MHz; CDCl3) 7.46-7.44 (2H, m, 2xArH), 7.02-7.01 (IH, m, ArH), 5.67-
5.64 (IH, m, CH=CH2), 5.25-5.18 (IH, dd, J 17.5, 10.7 Hz, CHH=CH), 5.10 (lH, dd, J 
17.2, 10.7 Hz, CHH=CH), 3.74 (3H, s, C02Me), 3.04-3.01 (2H, m, CH2) and 2.36 (3H, 
s, Me); liC (63 MHz; CDCl3) 196.0, 171.1, 166.1,139.0, 129.5, 123.6, 122.5, 122.0, 
120.5, 118.9, 90.5, 53.2, 38.1 and 14.2; mlz (El) 246 (M+, 82%) 187 (100), 177 (38), 
159 (23), 135 (48), 128 (52), 115 (20), 106 (31), 91 (35), 77 (39), 63 (25), 51 (51) and 
39(39). 
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Preparation of Methy/2-ethylthio-2-phenylpent-4-enoate 119 
OMe 
Ph 
0 
A solution of methyl diazophenylacetate 75 (200 mg, 1.1 mmol) and ethyl thioallylether 
(116 mgs, 1.1 mmol) in anhydrous dichloromethane (5 ml), was treated with the 
rhodium catalyst (2 mol%) and the reaction mixture left to stir for 1hour. The solvent 
was evaporated and the residue chromatographed on silica gel (ether/light petroleum) to 
give the title compound as a colourless oil (90% ), (Found: M+, 250.1028. 
C14H1302S requires 250.1028); Vmax (CH03)/cm-11715 and 1260; 6H (2.50 MHz; 
CDCl3) 7.41-7.38 (2H, m, 2xArH), 7.36-7.32 (2H, m, 2xArH), 7.28-7.24 (lH, m, ArH), 
5.73-5.62 (IH, m, CH=CH2), 5.03-4.97 (2H, m, CH2=CH), 3.78 (3H, s, OMe), 2.88 
(2H, d, 17.2 Hz, CH2), 2.51-2.30 (2H, m, CH2) and 1.14 (3H, dd, !7.6, 7.5 Hz, Me); 
6C (63 MHz; CDCl3) 172.6, 139.4, 132.9, 128.1, 127.6, 127.2, 118.5, 60.1, 52.4, 43.2, 
24.0 and 13.4; mlz (El) 2.50 (M+, 8%), 209 (100), 129 (70), 121 (72) and 77 (24). 
5.4 Experimental for Chapter 4 
Triethyl diazophosphonoacetate 121 110, 111 
A solution of triethyl phosphonoacetate 120 (5.52 g, 24.5 mmol) and azidotris 
(diethylamino) phosphoniumbromide (10 g, 27.1 mmol) in ether was stirred under 
nitrogen at room temperature. This solution was treated with a catalytic quantity of 
127 
potassium tert-butoxide. The solution was left to stir for 24 hours, filtered and 
evaporated. The residue was chromatographed on silica gel (ether/light petroleum) to 
give the title compound as a pale green liquid (93%), (Found: MH+, 251.0797. 
C8HI6NzOsP requires 251.0797); Vmax (CHCI3)/cm-l 2092, 1754, 1261, 1232 and 
1140; liH (250 MHz; CDCI3) 4.31-4.15 (6H, m, 3xCHz) and 1.39-1.28 (9H, m, 3xMe); 
liC (63 MHz; CDCl3) 163.5, 63.4, 61.4, 15.9 and 15.8; lip (101.3MHz; CDCl3); 16.2; 
m/z (Cl) 268 (MNH4+, 30), 251 (MH+, 9) and 52 (15%). 
General Procedure for N-H insertion reactions 86, 110, Ill 
A stirred solution of triethyl diazophosphonoacetate 121 (250 mg, 1 mmol) and the 
appropriate N-H compound (5 mmol) in dry toluene (5 m!) was treated with 
rhodium(II) acetate (2mol%). The mixture was heated to reflux overnight, evaporated, 
and the residue chromatographed on silica gel (light petroleum/ether) to give the title 
compound. 
0 R 11 
Et02CYP(OEt)2 123. 0 1Bu 
124. OBn HNYR 125. Me 126. Et 
127. ;Bu 
0 129. NHMe 
Triethyl N-(tert-butoxycarbonyl)aminophmphonoacetate 123 
Colourless crystalline solid (75%), m.p. 61-62°C (from ether/light petroleum); (Found: 
C,46.0; H, 7.9; N,4.2%. C13H26N0JP requires C, 46.0; H, 7.7; N, 4.1%); vmax 
(CHCI3)/ cm-11754, 1732, 1250, 1140 and 1030; liH (270 MHz; CDCIJ) 5.35 (IH, br 
d, exch. CF3C02D, NH), 4.80 (IH, dd, J 22.6, 9.1 Hz, CHP), 4.34-4.15 (6H, m, 
3xOCH2), 1.45 (9H, s, IBu), and 1.35-1.29 (9H, m, 3xMe); lie (67.8 MHz; CDCl3) 
167.2, 154.9, 80.7, 63.7 (2C, d J 6.8 Hz, CHzOP), 62.3, 52.2 (d,J 141.3 Hz, CHP), 
128 
28.2, 16.3 (2C, d, 16.7 Hz, CH3CH20P) and 14.1; bp (101.3 MHz; CDCI3) 15.3 m/z 
(FAB) 362 (MNa+, 100%) and 340 (MH+, 12). 
Triethyl N-( benzyloxycarbonyl )aminophosphonoacetate 124 
Colourless crystalline solid (78%), m.p. 50-51 °C (from ether/light petroleum); (Found: 
C, 51.5; H, 6.5; N, 3.7%). C 16H24N0]P requires C, 51.5; H, 6.6; N, 3.5%); Vmax 
(CHCI3)/cm-12940, 1710, 1690, 1250, and 1120; bH (270 MHz; CDCI3) 7.37-7.35 
(5H, m, 5xArH), 5.67 (IH, br s, NH), 5.25 (2H, d, 13.4 Hz Ph CH,), 4.97, (IH, dd, 1 
22.3 Hz, 9.1 Hz, CHP ), 4.28-4.21(6H, m, 3xOCH2), and 1.35-1.29 (9H, m, 3xMe); be 
(67.8 MHz; CDCI3) 166.9, 155.6, 135.9, 128.9, 128.7, 128.6, 67.5, 63.8 (2C, d 17.5Hz, 
CH20P), 62.5, 52.7 (d, 1 146.4 Hz, CHP), 16.3 (2C, d1 5.4 Hz, CH3CH20P) and 14.1; 
bp (101.3 MHz; CDCI3) 14.7; m/z (Cl) 374 (MW, 59%), 192(43) and 91(100). 
Triethyl N-( acetyl)aminophosphonoacetate 125 
Colourless crystalline solid (79%), m.p. 88-89°C (from ether/light petroleum); (Found: 
C, 42.8; H, 7.4; N, 5.0%. C wH2oN06P requires C, 42.7; H, 7.2; N, 5.0% ); Vmax 
(CHCI3)/cm-l 1720, 1680, 1250, and 1100; bH (270 MHz; CDCI3) 6.27 (IH, br s NH, 
exch. ~0), 5.17 (IH, dd, 1 21.9, 9.1 Hz, CHP), 4.31-4.10 (6H, m, 3xOCH2), 2.08 (3H, 
s, MeCO), and 1.33 (9H, m, 3xMe); be (67.8 MHz; CDCI3) 169.6, 166.9, 63.7 (2C, d 1 
7.0 Hz, CH20P), 62.4, 50.8 (d, 1 146.6 Hz, CHP), 22.9, 16.3 (2C, d, 16.0 Hz, 
~H3CH20P) and 14.1; bp (101.3 MHz; CDCI3) 14.9; m/z (Cl) 299 (MNH4+, 100%) 
and 282 (MH+, 67). 
Triethyl N-(proprionyl)aminophosphonoacetate 126 
Colourless crystalline solid (56%), m.p. 39-40°C; (Found: M+, 295.1188. 
C11H22N06P requires 295.1185); Vmax (CHCI3)/cm-l 1743, 1633, and 1250; bH (250 
MHz; CDCI3) 6.30 (IH, br d, 18Hz, NH, exch. D20), 5.17 (IH, dd, 1 22.1, 8.8 Hz, 
CHP), 4.18 (6H, m, 3xOCH2), 2.30 (2H, q, 17.5 Hz, CH2CONH), 1.33 (9H, m, 3xMe), 
and 1.18 (3H, t, 17.5 Hz, Me); be (63 MHz; CDCI3) 173.6, 167.3, 64.1, 62.8 (2C, d 1 
129 
7.0 Hz, CH20P), 51.0, (d, 1 145.4Hz, CHP), 29.7, 16.6 (2C, d,16.1 Hz, CH3CH20P), 
14.4 and 9.7; lip (101.3 MHz; CDCl3) 15.2 mlz (El) 295 (M+, 5%), 250 (10), 222 (11), 
166 (100), 138 (80), 102 (40), 82 (20), 65 (22), 57 (80), and 44 (8). 
Triethyl N-( 3-methylbutanoyl)aminophosphonoacetate 127 
Pale yellow crystalline solid (76%), m.p. 57-58°C; (Found: C, 48.4; H, 8.3; N, 4.3%. 
C13H26N06P requires C, 48.3; H, 8.1; N, 4.3%); vmax (CHCl3)/cm-l 1710, 1677, 
1221, and 1025; iiH (360 MHz; CDCl3) 6.17 (lH, br d, 17.6 Hz, exch. DzO, NHCH), 
5.16 (lH, dd, 122.0, 7.6 Hz, CHP), 4.20-4.16 (2H, m, OCHz), 4.10-4.06 (4H, m, 
2xOCHz), 2.09-2.05 (3H, m, CH and CHz), 1.25 (9H, q, 17.6 Hz, 3xMe) and 0.90 (6H, 
d 17.6 Hz, MezCH); lie (67.8 MHz, CDCl3) 172.0, 166.6, 63.4 (2C, d, 16.9 Hz, 
CH20P), 62.0, 50.2 (d, 1 162.7 Hz, CHP), 45.1, 25.8, 22.2, 16.1 (2C, d, 15.9 Hz, 
£.;H3CH20P), and 13.8; bp (101.3 MHz; CDCl3) 15.1; m/z (El) 324 (MH+, 54%), 281 
(66), 235 (42), 166 (lOO), 138 (72), 102 (38), 85 (65), 69 (22), 57 (99), 41 (83), 29 (76). 
Triethyl N-( N'-methylcarbamoyl)aminophosphonoacetate 129 
Colourless crystalline solid (40%), m.p. 50-51 °C (from ether/light petroleum); (Found: 
M+ 296.1215. CwHz1N206P: requires 296.1217); Vmax (CHCb)lcm-13350, 2930, 
1720, 1675, 1250, and 1030; iiH (270 MHz; CDCl3) 6.04 (lH, br s, exch. DzO, NH), 
5.21 (lH, br s, exch. DzO, NHMe), 5.09 (lH, dd, 122.5, 9.3 Hz, CHP), 4.30-4.11 (6H, 
m, 3xOCHz), 2.78 (3H, d, 1 4.4Hz, MeNH) and 1.33-1.31 (9H, m, Me); lie (67.8 MHz; 
CDCl3) 167.9, 158.2, 64.5 (d, 16.8 Hz, CH20P), 63.8 (d, 17.2 Hz, CH20P), 62.1, 
51.4, (d, 1 143.5 Hz, CHP), 26.9, 16.3 (2C, d, 15.4 Hz, CH3CH20P) and 14.0; lip 
(101.3 MHz; CDCl3) 16.6; mlz (Cl) 314 (MNH4+, lOO%) and 296 (M+, 52). 
130 
Triethyl N-(propyl)aminophosphonoacetate 128 
0 
11 
Et02CI P(OEt)2 
HN~ 
Colourless oil (46%), (Found: M+, 281.1047. CuHz4NOsP requires 281.1392); Vmax. 
(CHCb)/cm-1 1740 and 1257; OH (250 MHz; CDC!3) 5.38 (!H, br s, exch. DzO, NH), 
5.36 (!H, d, J 17.5 Hz, CHP), 4.28-4.11 (6H, m, 3xOCHz), 3.13 (!H, d, 16.7 Hz, 
CHHNH), 3.08 (!H, d, J 6.7 Hz, CHNH), 1.45 (!H, dq, J 13.9, 7.5 Hz, CHHCHzNH), 
1.42 (!H, dq, J 13.9, 7.5 Hz, CHHCHzNH), 1.28 (9H, m, 3xMe), and 0.87 (3H, dd, J 
7.4, 7.4 Hz, Me); oc (63 MHz; CDCI3) 166.1, 68.6 (d, J 160.4 Hz), 63.7 (2C, d J 6.8 
Hz, CH20P), 62.0, 42.0, 22.8, 16.2 (2C, d,J 6.1 Hz, CH3CH20P), 14.1 and 13.9; op 
(101.3 MHz; CDC!3) 12.6; mlz (El) 281 (M+, 2%), 280 (12), 240 (14), 197 (22), 167 
(95), 155 (35), 138 (38), Ill (85), 69 (lOO) and 43 (23). 
Insertion Reactions of Anilines into Triethyl diazophosphonoacetate 
To a solution of triethyl diazophosphonoacetate (0.8 mmol) in anhydrous toluene, was 
added the appropriate aniline (0.88 mmol). This solution was then treated with 
rhodium acetate (2 mol%) and the reaction heated under reflux overnight. Removal of 
the solvent and purification of the residue by column chromatography using silica gel 
(ether/light petroleum) afforded the desired insertion product. 
R 
130. H 
131. 4-MeC6H4 
132. 4-MeOC6H4 
133. 4-N02C6H4 
134. 4-CIC6H4 
135. 2-MeOC6H4 
136. 2-BrC6H4 
137. 2,6-Me2C6H4 
138. 2-CI,4-CF3C6H 
131 
Triethyl N-(phenyl)aminophosphonoacetate 130 115 
Colourless crystalline solid (72%), m.p. 56°C (lit. 56°C) 115 (from ether/light 
petroleum); (Found: M+, 315.1232. c14HzzNOsP requires 315.1236); Vmax 
(CH03)/cm-1 1720, 1240, and 1120 cm-1; bH (400 MHz; CDCl3) 7.18 (2H, t, !8.4 Hz, 
2xArH), 6.79 (lH, t, J 7.2 Hz, ArH), 6.77 (2H, d, J 8Hz, 2xArH), 4.54 (lH, s, exch. 
DzO, NH), 4.48 (IH, d, 22Hz, CHP), 4.26-4.17 (6H, m, 3xOCHz), and 1.36-1.24 (9H, 
m, 3xMe); be (lOO MHz; CDCl3) 168.4, 146.2, 129.3, 120.0, 114.1, 64.4 (d, !7.0 Hz, 
CH20P), 64.3 (d J 7.0 Hz, CH20P), 62.2, 56.5 (d, J 147.6 Hz, CHP), 16.4 (2C, d !6.6 
Hz, ,CH3CH20P) and 14.1; bp (101.3 MHz; CDCl3) 16.1; m/z (FAB) 315 (M+, 29%), 
178 (100), 139 (6), 104 (36) and 77(5). 
Triethyl N-(4-methylphenyl)aminophosphonoacetate 131 
Beige crystalline solid (73% ), m.p. 76-77°C (from ether/light petroleum); (Found: C, 
54.8; H, 7.4; N, 3.8%. C1sHz~OsP requires C, 54.7; H, 7.35; N, 4.25%); Vmax 
(CHCb)/cm-1 1725, 1255, and 1150; bH (270 MHz; CDCl3) 6.99 (2H, d, !830Hz, 
2xArH), 6.60 (2H, d, !8.30 Hz, 2xArH), 4.72 (lH, br s, exch. DzO, NH), 4.46 (IH, d, J 
23.2 Hz, CHP), 4.30-4.12 (6H, m, 3xOCHz), 2.24 (3H, s, ArMe) 1.39-1.32 (6H, m, 
2xMe), and 1.27 (3H, t, J 7.1 Hz, Me); be (67.8 MHz; CDCI3) 168.6, 143.8, 129.8, 
128.7, 114.2, 64.0 (d, J 6.2 Hz, CH20P), 63.4 (d, J 7.3 Hz, CH20P), 62.1, 56.8 (d, J 
149.5 Hz, CHP), 20.4, 16.4 (2C, d,J 6.0 Hz, CH3CH20P) and 14.1; bp (101.3 MHz; 
CDCh) 16.2; m/z (FAB) 330 (MH+, 35%), 329 (M+, 51), 256 (13), 192 (lOO) and !l8 
(47). 
Triethyl N-( 4-methoxyphenyl)aminophosphonoacetate 132 
Colourless crystalline solid (70% ), m.p. 55-56°C (from ether/light petroleum); (Found: 
M+, 345.1344. C1sHz4NP06 requires 345.1341); Vmax (CHCI3)/cm-1 1718, 1250, and 
1130; bH (270 MHz; CDCI3) 6.86 (2H, d, J9.1 Hz, 2xArH), 6.74 (2H, d, 19.1 Hz, 
2xArH), 4.55 (IH, d, J 22.3 Hz, CHP), 4.37-4.32 (6H, m, 3xOCHz), 3.82 (3H, s, 
132 
OMe), 1.46-1.27 (9H, m, 3xMe); oc (67.8 MHz, CDCl3); 168.6, 153.5, 140.2, 115.7, 
114.8, 64.0 (d, J6.2 Hz, CHzOP), 62.l(d, 7.2 Hz, CHzOP), 61.9, 57.5 (d, J 149.5 Hz, 
CHP), 55.5, 16.4 (2C, d,J 6.0 Hz, ~H3CHzOP) and 14.1; op (101.3 MHz; CDCl3) 
16.12; m/z (FAB) 346 (MH+, 49%), 315 (12), 272 (6), 225 (8), 208 (87), 134 (74), 93 
(100), 75 (33) and 57 (26). 
Triethyl N-( 4-nitrophenyl )aminophosphonoacetate 133 
Pale yellow solid (81% ), m.p. 96-97°C (from ether/light petroleum); (Found: C, 46.8; 
H, 5.9; N, 7.6%. C14H2IN207P requires C, 46.6; H, 5.9; N, 7.8%); 
vmax (CHCl3)/cm·l 2960, 1720, 1590, 1490, 1330, 1260 and 1120; OH (270 MHz; 
CDCI3) 8.22 (2H, d, J 9.3 Hz, 2xArH), 6.75 (2H, d, J 9.3 Hz, 2xArH), 5.38 (IH, d, J 
8.3 Hz, exch. DzO NH), 4.68 (IH, dd, J21.75, J 8.3 Hz, CHP), 4.35- 4.24 (6H, m, 
3xOCH2), and 1.41 (9H, m, 3xMe); oc (67.8 MHz; CDCl3) 167.2, 151.2, 139.7, 126.2, 
112.4, 64.2, (2C, d J7.1 Hz, CHzOP), 62.8, 55.4 (d, J 147.4 Hz, CHP), 16.4 (2C, d, J 
6.8 Hz, ~H3CHzOP) and 14.1; op (101.3 MHz; CDCl3) 14.8 mlz (FAB) 361 (MW, 
35%), 345 (47), 287 (20), 271 (15), 259 (10), 223 (82), 207 (52), 195 (13), 178 (23), 
149 (70), 139 (100), 121 (27), Ill (42), 103 (35), 93 (30), 83 (42), 77 (13), and 65 (33). 
Triethyl N-( 4-chlorophenyl)aminophosphonoacetate 134 
Colourless crystalline solid (71 %), m.p. 80-81 °C (from ether/light petroleum); (Found: 
C,48.0; H, 6.0; N, 4.1 %. C 14H21ClNOsP requires C,48.1; H, 6.0; N, 4.0%); Vmax 
(CHCl3)/cm·l 1715, 1245, ll30, and 1090; OH (400 MHz; CDCl3) 7.14 (2H, d, 18.8 
Hz, 2xArH), 6.61 (2H, d, J8.8 Hz, 2xArH), 4.57 (IH, br s, exch. D20, NH), 4.44 (IH, 
d, J22.3 Hz, CHP), 4.22-4.17 (6H, m, 3xOCH2), and 1.36-1.24 (9H, m, 3xMe); oc 
(100 MHz; CDC13) 168.1, 144.8, 129.2, 124.2, 115.2, 64.0 (d, J 6.7 Hz, CHzOP), 62.3 
(d, J 7Hz, CHzOP), 61.9, 56.6 (d, J 147.7 Hz, CHP), 16.4 (2C, d, J 5.0 Hz, 
CH3CH20P), and 14.1; op (101.3 MHz; CDCl3) 15.8; m/z (FAB) 372 (MNa+, 41%), 
350 (MW, 27), 325 (12), 293 (8), 267 (58), 245 (35), 212 (38), 189 (24), and 167 (34). 
133 
Triethyl N-(2-methoxyphenyl)aminophosphonoacetate 135 
Colourless oil (74%), (Found: M+, 345.1341. c,sH:MN06P requires 345.1341); Vmax 
(CHCl3)/cm-l 1720, 1250, and 1135; bH (270 MHz; CDCl3) 6.86-6.72 (3H, m, 3xArH), 
6.56 (IH, d, 1 7.8 Hz, ArH), 5.15 (IH, d, 19.0 Hz, exch. D20, NH), 4.55 (IH, dd, 1 
22.6, 11.2 Hz, CHP), 4.30-4.15 (6H, m, 3xOCH2), 3.86 (3H, s, OMe), 1.33 (6H, dt, 1 
11.2 and 17.1 Hz, 2xMe), and 1.27 (3H, t, 17.1 Hz, Me); be (67.8 MHz; CDCb) 
166.5, 147.6, 136.2, 121.0, 118.0, 110.9, 110.0, 63.9 (d, 16.6 Hz, CH20P), 63.6 (d, 1 
7.0 Hz, CH20P), 62.1, 56.2, (d, 1 147.2 Hz), 55.6, 16.4 (2C, d, 16.0 Hz, hH3CH20P), 
and 14.1; bp (101.3 MHz; CDCl3) 16.1; mlz (Cl) 346 (MH+, 27%), 345 (M+, 39), 272 
(12), 208 (100) and 134 (42). 
Triethyl N-(2-bromophenyl)aminophosphonoacetate 136 
Pale yellow oil (70%), (Found: M+, 393.0357. C14H2179BrNOsP requires 393.0341); 
vmax (CHCl3)/cm-l 1720, 1250, and 1134; bH (400 MHz; CDCb) 7.42 (IH, d, 19.2 
Hz, ArH), 7.13 (IH, d, 18.7 Hz, ArH), 6.65-6.56 (2H, m, 2xArH), 5.22 (IH, br d 18.5 
Hz, NH, exch. D20), 4.50 (IH, dd, 1 22.5, 8.5 Hz, CHP), 4.25-4.16 (6H, m, 3xOCH2), 
1.34-1.21 (9H, m, 3xMe); be (100 MHz; CDCl3) 167.7, 143.1, 132.6, 128.4, 119.7, 
112.2, 110.7, 64.0 (d, J7.1 Hz, CH20P), 62.3 (d, 17.0 Hz, CH20P), 62.4, 56.2 (d, 1 
156.3 Hz, CHP), 16.3 (2C, d, 16.1 Hz, CH3CH20P) and 14.0; bp (101.3 MHz; CDCl3) 
15.2; mlz (El) 395/393 (M+, 30%), 256/258 (90) and 182/184 (100). 
Triethyl N-(2,6-dimethylphenyl)aminophosphonoacetate 137 
Colourless oil (71%), (Found: M+, 343.1546. c,6H26NOsP requires 343.1549); Vmax 
(CHCl3)/cm-l 1720, 1260, and 1130; bH (270 MHz; CDCl3) 6.95 (2H, d, J7.2 Hz, 
2xArH), 6.80 (IH, dd, 18.5 and 8.0 Hz, ArH), 4.44 (IH, d, 123.4Hz, CHP), 4.26-4.10 
(6H, m, 3x0CH2), 2.36 (6H, s, ArMe), 1.34 (6H, dt, 17.1 and 6.9 Hz, 2xMe), 1.21 (3H, 
t, 17.1 Hz, Me); be (67.8 MHz; CDCI3) 169.1, 143.3 129.1 128.7, 122.3, 63.7 (d, 17.3 
Hz, CH20P), 63.2 (d, 17.3 Hz, CH20P), 61.9, 58.8 (d, 1 144.3 Hz, CHP), 18.6, 16.4, 
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(2C, d, 16.7 Hz, CH3CH20P), and 14.0; lip (101.3 MHz; CDCl3) 16.9; m/z (Cl) 344 
(MH+, 100%), and 206 (4). 
Triethyl N-(2-chloro-4-trifluoromethylphenyl)aminophosphonoacetate 138 
Colourless oil (61%), (Found: M+, 417.0724. CtsH2o35ClF3NOsP requires 417.0720); 
Vmax (CHCl3)/cm-13370, 1743, 1293, 1241, and 1020; IIH (270 MHz; CDCl3) 7.54 
(IH, s, ArH), 7.38 (IH, d, 1 8.5 Hz, ArH), 6.69 (IH, d, 18.5 Hz, ArH), 5.54 (IH, br d, 
18.5 Hz, NH), 4.55 (IH, dd, 1 21.2, 8.2 Hz, CHP), 4.40-4.12 (6H, m, 3xOCH2), and 
1.39-1.29 (9H, m, 3xMe); lie (67.8 MHz; CDCl3) 167.3, 144.8, 126.7, 125.9, 125.1, 
121.9, 121.3, 111.3, 64.2 (2C, d, 16.7 Hz, CH20P), 62.7, 55.8 (d,J 148.4 Hz, CHP), 
16.4 (2C, d, 15.3 Hz, CH3CH20P) and 14.1; lip (101.3 MHz; CDCb) 14.7; mlz (FAB) 
418 (MH+, 47%), 417 (M+, 45), 398 (22), 344 (28), 280 (100), 206 (85) and 139 (55); 
138 was formed together with 
135 
Diethyl N-(2-chloro-4-trifluoromethylphenyl)aminophosphonoacetic acid N-(2-chloro-
4-trifluoromethy/phenyl)amide 139 
Cl 
Colourless oil (25%), (Found: M+, 566.0362. C2oH 1i35Cl2F6N204P requires 
566.0364);vmax (CHCl3)1cm-l 1680, 1281, and 1026; bH (270 MHz; CDCl3) 9.22 (IH, 
br s, NHCO), 8.55 (IH, d, J 8.5 Hz, ArH), 7.62 (2H, d, J8.8 Hz, 2xArH) 7.55 (IH, d, J 
8.8 Hz, ArH), 7.42 (IH, d, J8.5 Hz, ArH), 6.73 (IH, d, J8.5 Hz, ArH), 5.79 (IH, dd, J 
9.9, 5.2 Hz, CHNH), 4.51 (IH, dd, J21.7, 5.2 Hz, CHP), 4.27 (4H, dt, J 8.2, 7.2 Hz 
2xCH2), and 1.37 (6H, q, J7.2 Hz, 2xMe); be (67.8 MHz; CDCl3) 164.4, 144.8, 136.9, 
129.7, 126.8, 126.4, 125.3, 125.0, 124.5, 123.3, 122.9, 122.1, 121.2, 120.6, 111.9, 64.7 
(2C, d, J6.7 Hz, CH20P), 57.8 (d,J 144.4 Hz, CHP) and 16.4 (2C, d,J 4.6 Hz, 
~H3CH20P); bp (101.3 MHz, CDCl3) 15.6; m/z (FAB) 589 (MNa+, 67%), 567 (MW, 
31), 429 (25), 345 (57), 206 (100) and 139 (73). 
Triethyl (thiophenyl)phosphonoacetate 140 
136 
Colourless oil (80%), (Found: M+, 332.0837. C14H21 05PS requires 332.0847); 
vmax (CHC13)/cm·1 1738, 1260, 1162 and 1046; liH (250 MHz; CDCl3) 7.49-7.45 
(2H, m, 2xArH), 7.30-7.24 (3H, m, 3xArH), 4.12 (IH, d, J 20.3 Hz, CHP), 4.28-4.12 
(6H, m, 3xCH2), 1.32 (6H, t, 17.5 Hz, 2xMe), 1.20 (3H, t, J 7.50 Hz, Me); lie (63 
MHz; CDCl3) 169.6, 136.2, 133.7, 131.5, 130.5, 66.3 (2C, d, J6.8 Hz, CH20P), 64.6, 
51.2 (d J 144Hz, CHP), 18.6 (2C, d, 5.8 Hz, CH3CH20P) and 16.3; bp (101.3 MHz; 
CDCl3), 14.7; m/z (El) 332 (M+, 89%), 286 (17), 259 (24), 203 (37), 139 (20), 121 
(100), 99 (51), 91 (15), 77 (27), 65 (21) and 51 (17). 
Triethyll-(2-pyrrole) phosphonoacetate 144 
0 
11 
P(OEt)2 
NH 
Colourless oil (67%), (Found MH+, 290.1156. C12H21N05P requires 290.1157); 
vmax (CHCI3)/cm·1 1720, 1206, 1210 and 1140; liH (270 MHz; CDCI3) 9.26 (IH, br 
s, NH), 6.85-6.82 (IH, m, ArH) 6.14-6.10 (2H, m, 2xArH), 4.39 (IH, d, J 23.9 Hz, CH-
P), 4.30-3.81 (6H, m, 3xCH2), 1.30 (6H, t, J7.1 Hz, 2xMe), 1.19 (3H, t, J 7.1 Hz, Me); 
be (67.8 MHz, CDCI3) 167.4, 119.2, 118.7, 108.8, 108.2, 63.6 (d, J6.8 Hz, CH20P), 
63.3 (d, J 6.8 Hz, CH20P), 45.4 (d J 139.7 Hz, CHP), 16.3 (2C, d J 4.2Hz, 
~H3CH20P) and 14.1; bp (101.3 MHz; CDCI3) 16.7; m/z (Cl) 307 (MNH4+, 100%), 
290 (MH+, 31), 235 (5) and 156 (5). 
137 
Triethy/1-(Indo/y/) phosphonoacetate 145 
Orange oil, (17%), (Found: M+, 339.1235. C16H22N05P requires 339.1235); 
vmax (CH03)/cm-l1749 1221, 1022 cm-1; bH (360 MHz; CDCl3) 7.63-7.53 (2H, m, 
' 
2xArH), 7.24-7.22 (IH, m, A rH), 7.19-7.13 (lH, m, ArH), 7.05 (IH, dd, 17.6 and 6.7 
Hz, ArH), 6.53 (IH, d, J3.2 Hz, ArH), 5.46 (lH, d, J 23.8 Hz, CHP), 4.22 (2H, q, 17.2 
Hz, CH2), 3.95-3.90 (4H, m, 2xCH2), 1.25-1.20 (6H, m, 2xMe), 1.00 (3H, m, Me); be 
(67.8 MHz, CDCl3) 165.1, 138.7, 131.1, 128.1, 121.9, 121.0, 120.1, 108.5, 103.1, 63.8 
(2C, d, J6.8 Hz, CH20P), 61.1, 56.4 (d, Jl58.2 Hz, CHP), 16.1 (2C, d, J6.7 Hz, 
~H3CH20P) and 14.0; bp (101.3 MHz, CDCl3), 16.0 ppm; mlz (El) 339 (M+, 100%), 
293 (26), 266 (40), 237 (13), 202 (70), !56 (42), 130 (57), 69 (11), 51 (22) and 29 (37). 
Triethy/1-(3-indo/y/) phosphonoacetate 146 
0 
" 
Orange oil (51%), (Found: M+, 339.1235. CJ6H 22N05P requires 339.1235); 
Vmax (CH03)/cm-IJ731, 1214 and 1080 cm-1; bH (360 MHz; CDCl3) 9.21 (IH, br s, 
NH), 7.48 (I H, d, J 6.7 Hz, A rH), 7.31 (lH, d, J 6.7 Hz, A rH), 7.08 (H, dd, J 7.6 and 
6.7 Hz, ArH), 7.03 (IH, dd J 7.6 and 6.7 Hz, ArH), 6.37 (IH, s, ArH), 4.49 (IH, d J 
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20.8 Hz, CHP), 4.23-4.15 (2H, m, CH2), 4.05-3.83 (4H, m, 2xCH2), 1.25-1.18 (6H, m, 
2xMe), 1.09 (3H, m, Me); oc (67.8 MHz, CDCl3) 167.1, 136.9, 127.7, 124.0, 122.3, 
120.2, 119.7, 111.1, 102.9, 63.7 (2C, d, J 6.8 Hz, CH20P), 62.0, 46.1 (d, J 138.6 Hz, 
CHP), 16.2 (2C, d, J 6.7 Hz, CH3CH20P) and 14.0; op (101.3 MHz, CDCl3), 13.2 
ppm; mlz (El) 339 (M+, 81 %), 226 (40), 236 (9), 202 (lOO), 174 (30), 155 (18), 130 
( 49), 69 (11), 51 (31) and 31 (26). 
Preparation of(S)-N-Boc-L-leucinamide 155 120 
0 
L-Leucinamide hydrochloride (1 g, 6 mmol) was dissolved in a mixed solvent system, 
100 ml, comprising (Acetonitrile; Water) 1:4. Triethylamine (667 mg, 6.6 mmol) was 
added and the solution left to stir for I hour. The solution was then treated with di-tert-
butyldicarbonate (1.31g, 6.6 mmol) and a catalytic amount of 
4-dimethylaminopyridine. The solution was left to stir overnight. Evaporation of the 
acetonitrile, and extraction of the aqueous with dichloromethane afforded the title 
compound as an off white waxy solid. Purification by column chromatography 
afforded the title compound. 
Colourless waxy solid (77%), (Found: MH+, 231.1705. C11H23N203 requires 
231.1709); [a]o23-27.2 (c=l, CHCl3); vmax (CH03)/cm-12958, 1678, 1640 and 1252 
; bH (250 MHz; CDCl3) 6.27 (lH, br s, NH), 5.67 (lH, br s, NH), 4.97 (lH, br s, CH), 
4.17 (lH, br s, NH), 1.70-1.63 (2H, m, CH2), 1.53-1.49 (lH, m, CH), 1.44 (9H, s, IJ3u), 
0.96-0.92 (6H, m, 2xMe); oc (63 MHz; CDCl3) 174.7, 155.2, 77.8, 52.6, 39.8, 28.2, 
24.3, 22.9 and 21.5; mlz (El) 231 (MH+, 1 %), 186(22), 175(20), 157 (12), 130 (65), 86 
(92), 57 (100) and 41 (54). 
139 
General insertion reaction of N -protected amino amide into triethyl 
diazophosphonoacetate. 
A solution oftriethyl diazophosphonoacetate 121 (1.4 mmol) and the amino amide (1.4 
mmol) in dry toluene (5 ml) was treated with rhodium (11) acetate (2 mol%). 
The mixture is heated under reflux for 2 hours, evaporated, and the residue 
chromatographed silica gel (ethylacetate/ether) to give the title compound. 
Triethyl N-(N'benzyloxycarbonyl-(R)-prolinyl) aminophosphonoacetate 158 
Colourless waxy solid (80%), (Found: M+, 470.1827. C21H31N208P requires 
470.1825); [a]o23-57.2 (c=1, CHCl3); vmax (CH03)/cm-1 2981, 1735., 1697, 1677, 
1241, 1177 and 1029; llH (400 MHz; CDCl3) 7.37-7.30 (5H, m, 5xArH), 5.17-5.16 
(2H, m, CH2), 5.08-5.14 (IH, dd, J21.2, 8.8 Hz, CHP), 4.27-4.21(2H, t, J 8.1 Hz, 
CHz), 4.20-4.11(4H, m, 2xCH2), 3.54 (IH, br s, NH), 3.47 (IH, br s, CHCO), 2.21(1H, 
br s, CH), 1.98-1.90 (2H, m, 2xCH), 1.56-1.58 (3H, m, 3xCH), 1.38-1.28 (9H, m, 
3xMe); llc(IOO MHz; CDCl3) 171.5, 166.4, 155.8, 136.4, 128.4, 127.9, 127.7, 67.1, 
63.7, (2C, d, 16.7 Hz, CHzOP), 60.4, 50.7 (d,J 94.5 Hz, CHP), 46.9, 31.1, 28.7, 24.4, 
16.3 (2C, d, J 6.7 Hz, CH3CH20P) and 13.9; bp (101.3 MHz; CDCl3) 16.95; mlz (El) 
470 (M+, 4%), 335(8), 231(6), 204 (10), 160 (32), 91 (100), 70 (12) and 44 (11). 
140 
Triethyl N-(N'tert-butoxycarbonyl-(R)-alaninyl)-aminophosphonoacetate 159 
0 
.. 
Yellow waxy solid (88%), (Found: M+, 410.1827. CI6H3IN208P requires 410.1818); 
[a]o23-13.9 (c=l, CHCI3); vmax (CH03)/cm-12980, 1732, 1694, 1674, 1250, 1167 
and 1024; liH (400 MHz; CDCI3) 6.91 (lH, br s, NH), 5.22 (lH, br s, CH), 4.17-4.03 
(7H, m, CH, 3xCH2), 1.33 (9H, s, lBu), 1.27-1.13 (l2H, m, 4xMe); lie (lOO MHz; 
CDCI3) 173.8, 164.6, 153.6, 78.1, 67.4, 61.8 (d, J7.0 Hz, CH20P ), 61.7 (d, J 1.0 Hz, 
CH20P) 53.5, 50.5 (d, J 140.6 Hz, CHP), 26.3, 16.6 (2C, d,J6.0 Hz, CH3CH20P), 
143 and 12.1; lip (1013 MHz; CDCI3) 16.9; mlz (El) 411 (MH+, 18%), 327(8), 
301(10), 266(13), 224 (89), 197 (15), 152 (18), 88 (22), 57 (93) and 44 (lOO). 
Triethyl N -(N'benzyloxyglycinyl)-aminophosphonoacetate 160 
White waxy solid (81 %), (Found: M+, 430.1505. C18H27N208P requires 430.1528); 
vmax (CHC13)/cm-l 2983, 1739, 1698, 1694, 1265 and 1047; liH (250 MHz; CDCI3), 
7.37-7.34 (SH, m, SxArCH), 6.82 (lH, d, !5.7 Hz, NH), 5.21 (lH, s, NH), 5.13 (IH, 
dd, J 21.8, 9.0 Hz, CHP), 5.14 (2H, s, PhCHz), 4.11-4.10 (6H, m, 3xCH2), 3.97 (2H, 
d, J 5.1 Hz, CH2), 1.39-1.29 (9H, m, 3xMe); liC (lOO MHz; CDCI3), 169.3, 166.4, 
156.5, 136.3, 128.3, 127.9, 127.8, 66.7, 63.8 (d, 16.8 Hz, CH20P), 63.7 (d, J 6.8 Hz, 
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CH20P), 62.1, 50.5 ( d,J 141.6 Hz, CHP), 44.0, 16.2 (2C, d,J 6.7 Hz, CH3CH20P) 
and 13.9; lip (101.3 MHz; CDCI3), 17.1 mlz (El) 430 (M+, I%), 127 (10), 107 (28), 
91 (59) and 44 (100). 
Triethyl N-(N'benzyloxycarbonylalaninyl)-aminophosphonoacetate 161 
0 
.. 
Et02CYP(OEt) 2 
HN l Y"~cbz 
0 
Colourless waxy solid in (80%), (Found: M+, 444.1665, C19H29N20sP requires 
444.1661); [a]o23 -11.0 (c=1, CHCI3); Vmax (CHCl3 )/cm-1 2982, 1741, 1682, 1674, 
1252 and 1047; liH (400 MHz; CDCl3) 7.36 (SH, s, SxArH), 6.90 (IH, br s, NH), 5.30 
(IH, s, NH), 5.15 (IH, dd, J 21.2, 8.7 Hz, CHP), 5.12 (2H, s, CH2), 4.19-4.08 (7H, m, 
CH, 3xCH2), 1.41 (3H, d, J 7.0 Hz, Me), 1.37-1.23 (9H, m, 3xMe); lie (100 MHz; 
CDCI3) 172.8, 166.3, 155.7, 136.3, 128.2, 127.8, 127.7, 66.5, 63.6 (2C, d, J 6.8 Hz, 
CH20P), 63.5, 50.9 (d,J 84.3 Hz, CHP) 49.3, 18.6, 16.1(2C, d, J 6.8 Hz, CH3CH20P) 
and 13.8; lip (101.3 MHz; CDCl3) 16.8; m/z (El) 444(M+, 6%), 266(9), 224 (49), 197 
(10), 155 (12) and 91 (100). 
Triethyl N-( N'tert -butoxycarbonyl-( S )-valinyl )-aminophosphonoacetate 162 
0 
" 
Colourless solid 80% yield, (Found: M+, 438.2129. C13H35N208P requires M+, 
438.2131); [a]o23 -9.2 (c=1, CHCl3); Vmax (CHCl3 cell)/cm-117!2, 1673, 1670, 
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1249, 1169 and 1023; bH (400 MHz; CDCI3), 6.75 (lH, br s, NH), 5.22 (lH, dd, 1 
21.1, 8.65 Hz, CHP), 5.05 (IH, br s, NH), 4.28-4.09 (6H, m, 3xCH2), 3.95 (lH, br s, 
CH), 2.04 (lH, sept, 16.7 Hz, CHMe2), 1.44 (9H, s, 'Bu), 1.35-1.23 (9H, m, 3xMe), 
1.00-0.92 (6H, m, 2xMe);bC (100 MHz; CDCI3) 173.7 165.1, 154.6, 77.1, 67.3, 61.7 
(d, 16.8 Hz, CH20P), 61.6 (d, 16.8 Hz, CH20P), 53.5, 50.5 ( d, 1 140.9 Hz, CHP), 
38.4, 26.4, 22.9, 16.6 (2C, d, 1 6.7 Hz, !;;H3CH20P), 14.2 and 12.1; bp (101.3 MHz; 
CDCI3), 17.0; m/z (El) 438 (M+, 18),327(8), 301(10), 266 (13), 224 (89), 197 (15), 
152 (18), 88 (22), 57 (93) and 44 (100). 
Triethyl N-(N'tert-butoxycarbonyl-L-leucinyl)-aminophosphonoacetate 163 
0 
" 
Et02CYP(0Eth 
,H)(NHBo: 
HN Jr "--<.,...... 
0 
Yellow oil (82%), (Found: MH+, 453.2366. C19H38N208P, requires 453.2366); 
[a]o23 -18.7 (c=l, CHCI3); Vmax (CHCI3)/cm-1 2980, 1749, 1717, 1683, 1253, 1167 
and 1027; bH (400 MHz; CDCI3) 6.48 (lH, br s, NH), 6.05 (IH, br s, NH), 5.15 (IH, 
dd, 122.1, 10.4 Hz, CHP), 4.27-4.14 (7H, m, CH, 3xCH2). 1.64-1.61(2H, m, CH2), 
1.51-1.49 (lH, m, CH), 1.35 (9H, s, 'Bu), 1.34-1.29 (9H, m, 3xMe), 0.96-0.93 (6H, m, 
2xMe); bC (100 MHz; CDCI3), 173.9, 167.9, 157.1, 81.2, 65.1 (d, 17.4 Hz, CH20P), 
65.0 (d, 16.7 Hz, CH20P), 63.0, 54.5, 51.9 ( d, J 133.6 Hz, CHP), 42.6, 29.5, 26.0, 
24.2, 23.1, 17.5 (2C, d, 5.1 Hz, CH3CH20P), 15.3 and 14.7; bp (101.3 MHz; CDCI3) 
16.9; mlz (El) 453 (MH+, 100), 397(42), 353(10), 131(47) and 86 (49). 
General procedure for Wadsworth-Emmons reactions. 
A solution of tbe appropriate triethyl aminophosphonoacetate (0.66 mmol) and DBU 
(0.1 m!, 0.66 mmol) in anhydrous dichloromethane were treated with the appropriate 
143 
carbonyl compound ( 1.3 mmol). The reaction mixture was stirred overnight, evaporated 
and the residue chromatographed on silica gel (ether-light petroleum) to give the title 
compound. 
N-Boc-Leu-11-Phe-ethyl ester 166 
Et02C~ 
~ocNHXH --- r Ph ~ TNH 
0 
Yellow oil (88% ), (Found: MH+, 405.2389. Cz2H33N205 requires 405.2389); [ aJo25 
-18.8 (c=l, CDCl3); Vmax (CHCl3)/cm-l 2960, 1735, 1709, 1677 and 1265; 6H (250 
MHz; CDCl3) 7.66 (IH, s, CH=C), 7.50-7.48 (2H, m, 2xArH), 7.40-7.31 (4H, m, 
3xArH, NH), 4.84 (IH, s, NH), 4.29 (2H, q, J 7.0 Hz, OCH2), 4.23 (IH, br s, CH), 
1.79-1.72 (2H, m, CH2), 1.57-1.54 (IH, m, CH), 1.47 (9H, s, fEu), 1.34 (3H, t, J 7.0 
Hz, Me), 0.99-0.94 (6H, m, 2xMe); be (63 MHz; CDCl3) 171.7, 165.1, 155.9, 133.7, 
132.6, 129.9, 129.4, 128.6, 124.4, 80.2, 61.7, 53.3, 40.9, 28.4, 24.7, 22.9, 22.1 and 14.3; 
m/z (EI) 405 (MH+, 69%), 349 (85), 305 (lOO), 259 (15), 191 (30), 131 (15) and 86 
(55). 
N-Boc-Ala-11-Phe-ethyl ester 164 
0 
Yellow oil (88% ), [ a]o25_21.7 (c=l, CHCl3); (Found: MH+, 363.1920. C19H 27N205 
requires 369.1920); Vmax (CHCl3);cm-l 2981, 1715, 1690, 1645 and 1265; 6H (250 
MHz; CDC!3), 8.04 (IH, s, CH=C), 7.41-7.38 (2H, m, 2xArH), 7.29-7.21 (4H, m, 
3xArH, NH), 5.31 (IH, s, NH), 4.31 (1H, m, CH), 4.14 (2H, q, J 7.3 Hz, OCH2), 1.32 
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(9H, s, IBu), 1.22 (3H, t, J7.3 Hz, Me), 1.14 (3H, t, J 7.0 Hz, Me); llc (63 MHz; 
CDC!3) 171.9, 165.1, 155.7, 132.9, 132.6, 129.8, 129.4, 128.8, 124.3, 80.1, 61.7, 50.3, 
28.3, 18.2 and 14.2; m/z (El) 363 (MH+, 100), 307 (55) and 263 (27 
N-Chz-Gly-IJ.-Phe-ethyl ester 165 
Yellow oil (82%), (Found: MH+, 383.1610. C21H23N205 requires 383.1607); Vmax 
(CH03)/cm-1 1710, 1685, 1643 and 1262; llH (250 MHz; CDC!3), 7.90 (lH, s, 
CH=C), 7.36-7.16 (llH, m, 10xArCH, NH), 5.75 (IH, s, NH), 4.97 (2H, s, CH2). 4.12 
(2H, q, 1 7.0 Hz, CH2), 3.85 (2H, s, CH2), 1.20 (3H, t, J 7.0 Hz, Me); llC (63 MHz; 
CDCl3) 168.4, 165.0, 156.9, 136.2, 133.0, 129.9, 129.7, 128.6, 128.3, 127.9, 127.7, 
125.9, 124.0, 67.2, 61.8, 44.8 and 14.2; m/z (El) 383 (MH+, 82%), 292(51), 275(39), 
249(100), 191(21) and 108(19). 
N-Boc-Leu-!J.-Trp-ethyl ester 168 
Et02C ~ 
'BocNH)(_ ..,. ~ TNH 
0 
N 
Boc 
Yellow solid (79%), [ a]o25_11.3 (c=O.S, CHC!3); (Found: MH+, 544.3023. 
C29H41N307 requires 544.3023); Vmax (CHC!3)/cm-1 2991, 1725, 1695, 1665 and 
1235; llH (250 MHz; CDC!3) 8.12 (lH, d, J7.6 Hz, ArH), 7.81(1H, s, NH), 7.79 (IH, s, 
ArH), 7.70 (lH, d, J 8.7 Hz, ArH), 7.35-7.22 (3H, m, 2xArH, CH), 4.81 (IH, s, NH), 
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4.32 (ZH, q, J 7.0 Hz, CHz), 4.26-4.27 (IH, m, CH), 1.76 (ZH, m, ZxCH), 1.68 (IH, m, 
CH), 1.64 (9H, s, lBu indole), 1.32 (9H, s, lBu), 1.37 (3H, t, J7.0 Hz, Me), 0.97 (6H, 
dd, J 5.7, 5.5 Hz, 2xMe); llc (100 MHz; CDCI3) 171.4, 165.0, 155.9, 149.3, 134.8, 
129.6, 127.9, 125.0, 123.7, 123.4, 123.1, I 19.0, Il5.3, II4.1, 84.5, 80.2, 61.6, 53.4, 
40.7, 28.3, 28.2, 24.8, 23.2, 21.8 and 14.3. 
m/z (El) 544 (MW, 49%), 488 (19), 444 (100), 388 (15), 344 (22), 231 (10), I3I (31) 
and 86 (54). 
N-Boc-Leu-!J.-Leu-ethyl ester 167 
Et02CY\ 
~ocNHX./  lNH 
0 
Yellow oil (80%), [a]o25 -18.3 (c=0.5, CHCI3); (Found: MH+, 371.2546 
C19H3sNzOs requires 371.2546); vmax (CHCI3)tcm-1 2976, 1725, 1685, 1645 and 
1245; llH (250 MHz; CDCI3) 7.34 (IH, s, NH), 6.50 (IH, d, J 10.5 Hz, CH), 4.85 (IH, 
s, NH), 4.21 (2H, q, J 7.3 Hz, CHz), 4.18 (IH, s, CH), 2.64-2.54 (IH, m, CH), 1.79-
1.74 (3H, m, 3xCH), 1.46 (9H, s, lBu), 1.29 (3H, t, J7.3 Hz, Me), 1.06-1.03 (6H, m, 
2xMe), 0.99-0.95 (6H, m, 2xMe); llC (63 MHz; CDCI3) 171.6, 164.6, 155.8, 145.1, 
123.4, 80.1, 61.1, 53.1, 52.9, 40.8, 28.1, 27.7, 24.6, 22.8, 21.9, 21.8 and 14.0; m/z (El) 
371 (MH+, 100%), 315 (85), 297 (70), 271 (61), 225 (12), 157 (13) and 86 (52). 
N-Boc-Leu- !J.-[ 3,4 his-( tert-butyldimethylsilyloxy) ]benzyl-ethyl ester 169 
Et02C ,:::? 
H ~ocNH>(___,- lNH 
0 
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OTBDMS 
OTBDMS 
Yellow oil (90%); [a]o25-17.0 (c=l, CHCl3); (Found: MH+, 665.0310 
C34H61N207Si2 requires 665.0306); Vmax (CHC13)/cm-1 2971, 1722, 1691, 1665 and 
1235; bH(250 MHz; CDCl3), 7.70 (IH, s, CH=C), 7.19-7.04 (2H, m, 2xArCH), 6.60-
6.72 (2H, m, ArCH, NH), 5.10 (IH, s, NH), 4.27 (IH, s, CH), 4.03 (2H, q, J 7.0 Hz, 
CH2), 1.62 (2H, m, 2xCH), 1.26-1.24 (1H, m, CH), 1.23 (9H, s, fJ3u), 1.10 (3H, t, J7.0 
Hz, Me), 0.99-0.96 (24H, m, 2xMe, 2xSi fJ3u), 0.01-0.00 (12H, m, 4xSiMe); be (63 
MHz; CDC13) 176.9, 169.5, 160.0, 158.1, 153.1, 137.7, 131.0,127.9, 1273, 122.6, 
119.3, 84.1, 65.4, 57.5, 44.9, 33.3, 32.4, 29.9, 28.7, 27.7, 26.0, 18.3 and -0.25. mlz (El) 
665 (MH+, 100%), 609 (30), 565 (62), 131(30) and 86(56). 
N-Boc-Leu-Leu-ethyl ester 170 
Et02CY\ 
~ocNHX""'  lNH 
0 
A solution of 167 (100 mg, 0.27 mmol) in absolute ethanol (10 m!) was treated with 5% 
Pt02 on carbon and this was hydrogenated at 40 p.s.i and room temperature for 
24hours. The solvent was evaporated and the residue chromatographed on silica gel 
(ether/light petroleum) to give the title compound as a colourless oil (88%) and a 1:1 
mixture of diastereomers, [ a]o25 -26.9 (c=0.8, CHCl3); (Found: M+: 372.2632. 
C19H36N205 requires 372.2624); vmax (CHC13)/cm-1 2970, 1721, 1692, 1667 and 
1236; First eluting diastereomer, bH (250 MHz; CDCl3) 6.61(1H, s, NH), 5.05 (lH, s, 
NH), 4.58-4.50 (IH, m, CH), 4.13 (2H, q, J 7.0 Hz, CH2), 4.09 (1H, s, CH), 1.68-1.62 
(4H, m, 2xCH2), 1.58-1.51(2H, m, 2xCH), 1.41 (9H, s, fJ3u), 1.24 (3H, t, J7.0 Hz, Me), 
0.91-0.90 (12H, m, 4xMe); bC (100 MHz; CDCl3) 172.9, 155.8, 145.4, 80.2, 61.1, 
53.5, 50.6, 41.3, 41.0, 28.2, 24.7, 24.5, 22.8, 21.9, 22.7, 21.7 and 14.0; m/z (El) 372 
147 
(M+, 27%), 316 (41), 272 (20), 185 (50), 157 (12), 129 (98), 85 (lOO), 68 (39) and 57 
(83). 
Second eluting diastereomer, liH (250 MHz; CDCI3) 4.56-4.50 (IH, m, CH), 1.38 (H, s, 
fEu); lie (250 MHz; CDCI3) 173.1, 61.6 and 25.1 
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